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side walls, a peripheral wall, first fluid ports, a second fluid
port, a rotary shait, and a valving element. A flow passage,
through which the first fluid ports and the second fluid port
selectively communicate, 1s formed by rotation of the valv-
ing element. The unit includes a driving mechanism driving
cach valving element by 1ts corresponding predetermined
rotation angle. The driving mechanism includes one driving
source, and a motive power transmission member transmit-
ting rotation motive power of the driving source respectively
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cach valving element to a position, which position of the
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FLOW PASSAGE SWITCHING UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase Application
under 35 U.S.C. 371 of International Application No. PCT/
JP2013/001°711 filed on Mar. 14, 2013 and published 1n
Japanese as WO 2013/157194 Al on Oct. 24, 2013. This
application 1s based on and claims the benefit of priority
from Japanese Patent Application No. 2012-094044 filed on
Apr. 17, 2012 and Japanese Patent Application No. 2013-
033692 filed on Feb. 22, 2013. The entire disclosures of all
of the above applications are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present disclosure relates to a tlow passage switching
unit to transmit motive power to plural rotary valves by
using a single driving source, and drive respective valving,
clements 1n the respective rotary valves until their positions
with respect to first fluid port and second fluid port become
mutually different among the plural rotary valves.

BACKGROUND ART

Conventionally, a multi-directional switching valve
described 1n Patent Literature 1 1s known. This valve has a
simple structure to switch air supply to plural systems, and

has a flow passage portion, tflow passage switching means,
driving means and control means to obtain a multi-direc-
tional switching valve which can be downsized.

The flow passage portion has a cylindrical-shaped cylin-
der provided with a suction portion and plural delivery
portions, and further, the flow passage switching means has
a movable valve provided in the cylinder and a piston rod
connected to the movable valve. Further, the end of the
piston rod 1s connected to the driving means, and the piston
rod 1s linearly moved with the driving means, to open/close
the fluid passage.

PRIOR ART LITERATURE

Patent Literature

[Patent Literature 1] JP-A-2002-2504355

According to the technique of the above-described Patent
Literature 1, disclosed 1s a tlow passage switching unit, 1n
which two or more plural tlow passages selectively corre-
sponding to fluid 1n two systems (for example, warm water
and cold water) exist, as the piston rod which can be
regarded as a common shaft 1s linearly moved with the
single driving means. In this flow passage switching unit,
when the number of plural fluid passages 1s increased, the
structure 1s linearly long, which degrades mountabaility 1n a
vehicle or the like. Further, even when the common shaft 1s
linearly driven in an axial direction to switch the flow
passage, the number of flow passage switchings 1s small.

SUMMARY OF INVENTION

The present disclosure has been made in view of the
problems existing 1n such conventional techniques. It 1s an
object of the present disclosure to obtain a flow passage
switching unit, having plural rotary valves having first fluid
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port and second fluid port with at least one fluid piping,
capable of switching a large number of flow passages with
a single driving source.

To achieve the above object, a flow passage switching unit
in one aspect of the present disclosure includes a plurality of
rotary valve parts and a driving mechamsm. The plurality of
rotary valve parts are arranged side by side. Fach of the
plurality of rotary valve parts includes a casing, side walls,
a peripheral wall, at least one first fluid port, at least one
second fluid port, a rotary shatt, and a valving element. The
casing defines therein a space. The side walls are opposed to
cach other. The peripheral wall 1s formed between the side
walls. The at least one first fluid port 1s provided for the
peripheral wall. The at least one second fluid port 1s provided
for the peripheral wall or a part of the side walls. The rotary
shaft extends 1n a direction connecting the opposed side
walls 1n the casing. The valving element 1s supported
rotatably by the rotary shait. A flow passage, through which
the at least one first fluid port and the at least one second
fluud port selectively communicate with each other, 1is
formed by rotation of the valving element. The drniving
mechanism drives the valving element by its corresponding
predetermined rotation angle, and includes a single driving
source and a motive power transmission member. The
motive power transmission member transmits rotation
motive power of the single driving source respectively to the
plurality of rotary valve parts. The motive power transmis-
sion member transmits the motive power of the single
driving source to the rotary shaft to drive the valving
clement to a position, the position of the valving element
relative to the at least one first fluid port and the at least one
second fluid port being different from one another among the
plurality of rotary valve parts.

With this arrangement, it 1s possible to have plural rotary
valves each having first fluid port and second fluid port and
to switch plural tlow passages with a single driving power.
Further, as it 1s formed of the plural rotary valves, the entire
length 1n the rotation axis direction can be shortened, and
switching can be performed among a comparatively large
number of flow passages.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of
the present disclosure will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a partial longitudinal cross-sectional diagram of
a rotary valve 1 a flow passage switching unit in a {first
embodiment, along an arrow I-I line in FIG. 2;

FIG. 2 1s a partial longitudinal cross-sectional diagram of
the rotary valve in the above-described embodiment along
an arrow 1I-II line in FIG. 1;

FIG. 3 1s a perspective diagram of a valving element of the
rotary valve 1n the above-described embodiment;

FIG. 4 1s a schematic front diagram of the flow passage
switching umt in the above-described embodiment;

FIG. 5 1s a schematic plane diagram of the flow passage
switching umt in the above-described embodiment;

FIG. 6 1s an 1nternally transparent perspective diagram of
the tlow passage switching unit in the above-described
embodiment;

FIG. 7 1s an internal structural diagram in which a left side
piping forming a first fluid port of the rotary valve in the
above-described embodiment 1s occluded:
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FIG. 8 1s an internal structural diagram of the plural rotary
valves, showing an operation pattern when all the rotation
angles 1n the above-described embodiment are 0 degrees;

FIG. 9 1s an internal structural diagram of the plural rotary
valves showing an operation pattern when the rotation
angles 1n the above-described embodiment are 60 degrees,
120 degrees and 240 degrees;

FIG. 10 1s an internal structural diagram of the plural
rotary valves showing an operation pattern when the rotation
angles 1n the above-describe embodiment are 120 degrees,
240 degrees and 480 degrees;

FIG. 11 1s a table showing operations of the respective
rotary valves 1n eight flow passage patterns in the above-
described embodiment:

FIG. 12 1s an internal structural diagram of the rotary
valve 1n a second embodiment;

FIG. 13 1s an internal structural diagram showing a shut
mode to prevent flow of fluid, 1n the left side piping and right
side piping forming the first fluid port, 1nto a casing, in the
rotary valve 1n the above-described second embodiment;

FIG. 14 1s an internal structural diagram of the rotary
valve 1n a third embodiment;

FIG. 15 1s a table showing operations of the respective
rotary valves in the eight flow passage patterns in the
above-described third embodiment;

FIG. 16 1s a schematic perspective diagram of the flow
passage switching unit 1n a fourth embodiment;

FIG. 17 1s a schematic perspective diagram of the flow
passage switching unit using a crank mechanism in a {ifth
embodiment;

FIG. 18 1s a schematic side diagram of the rotary valve
and the crank mechanism viewed from an arrow XVIII
direction 1n FIG. 17;

FIG. 19 1s a schematic side diagram of the rotary valve
and the crank mechanism viewed from an arrow XIX
direction in FIG. 17;

FIG. 20 1s an internal structural diagram of the rotary
valve 1n a sixth embodiment;

FIG. 21 1s an internal structural diagram showing flow of
the fluid 1n the respective rotary valves in the eight flow
passage patters in the above-described sixth embodiment;

FIG. 22 1s a schematic perspective diagram of the flow
passage switching unit 1n a seventh embodiment;

FIG. 23 1s a plane diagram of the valving element in the
respective rotary valves in the above-described seventh
embodiment;

FI1G. 24 1s a schematic plane diagram of the flow passage
switching unit 1n the above-described seventh embodiment;

FI1G. 25 1s an internal structural diagram showing the flow
of the fluid 1n the respective rotary valves in the eight tlow
passage patterns in the above-described seventh embodi-
ment;

FIG. 26 1s a partial cross-sectional diagram along an
arrow XXVI-XXVI line mn FIG. 28 showing an eighth
embodiment;

FIG. 27 A 15 a perspective diagram of the valving element
of a first rotary valve shown 1n FIG. 26;

FIG. 27B 1s a perspective diagram of the valving element
of a second rotary valve shown in FIG. 26;

FIG. 28 1s a schematic structural diagram of the flow
passage switching unit viewed from an arrow XXVIII
direction in FIG. 26;

FIG. 29 1s a schematic structural diagram illustrating a
structure of the flow passage switching unit viewed from the
arrow XXVIII direction 1n FIG. 26, 1n another perspective,

different from FIG. 28;
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FIG. 30 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 1 1n the above-described eighth

embodiment, when valving element rotation angles of the
respective valving elements of the respective rotary valves
are both 0 degrees;

FIG. 31 1s an operation table showing the flow of the fluid
in the respective rotary valves 1n the above-described eighth
embodiment;

FIG. 32 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 2 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 36
degrees and 45 degrees;

FIG. 33 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 3 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 108
degrees and 135 degrees;

FIG. 34 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 4 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 144
degrees and 180 degrees;

FIG. 35 15 an explanatory diagram showing the flow of the
fluid 1n an operation pattern 5 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 360
degrees and 450 degrees;

FIG. 36 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 6 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 396
degrees and 495 degrees;

FIG. 37 1s an explanatory diagram showing the flow of the
fluid 1n an operation pattern 7 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 468
degrees and 585 degrees;

FIG. 38 15 an explanatory diagram showing the flow of the
fluid 1n an operation pattern 8 1n the above-described eighth
embodiment, when the valving element rotation angles of
the valving elements of the respective rotary valves are 504
degrees and 630 degrees;

FIG. 39 1s a piping structural diagram of a temperature
controller of an 1n-vehicle device using the flow passage
switching umit showing a ninth embodiment;

FIG. 40 1s a piping structural diagram of the temperature
controller of another in-vehicle device different from that 1n
FIG. 39 using the flow passage switching unit showing a
tenth embodiment;

FIG. 41 1s a schematic structural diagram of the tempera-
ture controller of another in-vehicle device using the flow
passage switching unit showing an eleventh embodiment;

FIG. 42 1s a partial cross-sectional diagram of the flow
passage switching unit showing a twelfth embodiment;

FIG. 43 1s a partial cross-sectional diagram of the flow
passage switching unit showing a thirteenth embodiment;
and

FIG. 44 1s an explanatory diagram explaining ¢
another structure of the present disclosure.

tects and

EMBODIMENTS FOR CARRYING OU'T
INVENTION

Hereinbelow, plural embodiments will be described with
reference to the drawings. In the respective embodiments,
clements corresponding to items described in the preceding
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embodiments have the same reference numerals and
repeated explanations will be omitted 1n some cases. In the

respective embodiments, when a part of the constituent
clements 1s described, regarding the other part of the con-
stituent elements, the previously described other embodi-
ments are applicable.

In the respective embodiments, not only combinations of
clements explicitly defined as possible particular combina-
tions but also embodiments themselves may be partially
combined even though such combinations are not explicitly
defined as long as there 1s no obstacle especially in the
combination.

First Embodiment

Hereinbelow, a first embodiment will be described 1n
detail using FI1G. 1 to FIG. 11. A rotary valve 1 in FIG. 1 has
a rotary type three way valve. The rotary valve 1 has a left
side piping (also referred to as one side pipe) 4L and a night
side piping (also referred to as the other side pipe) 4R
forming a first fluid port, and a second fluid port 5. The
second fluid port 5 1n this embodiment forms a discharge
pIping.

In the first embodiment, three rotary valves 1 are apposed
as shown 1n FIG. 4. The apposition direction 1s a horizontal
direction 1 FIG. 4. The apposed respective rotary valves
(rotary valve parts) 1, 2 and 3 respectively have a casing 6,
space 7 1n the casing 6, the first fluid ports 4L and 4R, the
second fluid port 5, a valving element 8 and a rotary shait 9
in FIG. 2.

The space 7 has side walls 11 and 12 which are formed
inside the casing 6 and which are opposed, and a peripheral
wall 13 formed between these side walls 11 and 12. The
peripheral wall 13 has the first fluid ports 4L and 4R. In this
embodiment, the first fluid ports 4L and 4R have the left-side
piping (pipe) 4L and the right-side piping (pipe) 4R.

The side walls 11 and 12 have the second fluid port 3.
Further, in the casing 6, the rotary shait 9 extends 1 a
direction connecting the opposed side walls 11 and 12, and
the valving element 8 1s rotatably supported with the rotary
shaft 9.

In FIG. 1 to FIG. 3, the valving element 8 has a fan plane
member 8a which 1s connected to the rotary shait 9 and
which extends 1n a rnght angled direction with respect to the
rotary shaft 9 and a circular plane member 85 which further
extends in the rnight angled direction from the fan plane
member 8a. The circular plane member 85 has a thick
member 851 with a large thickness and a thin member 8562
with a small thickness.

The thick member 851 1s connected to the fan plane
member 8a. The thin member 852 1s connected to the thick
member 801. In FIG. 2, a suction pipe 4L forming the left
first piping 4L and a suction pipe 4R forming the right
second piping 4R are provided 1n a straight line. A discharge
pipe 5 forming the second fluid port § 1s projected n a
vertical direction to the above-described straight line.

The space 7 has a cylindrical shape, and the left side
piping 4L and the right side piping 4R, provided in the
peripheral wall 13 1n mutually different positions, commu-
nicate with the space 7. Further, 1n the side walls 11 and 12,
the side wall 12 has the second fluid port 5. The valving
clement 8 has the above-described circular plane member 856
along an 1inner circumierential surface of the peripheral wall
13.

Even when the valving element 8 1s 1n a position to work
as a bridge between the left side piping 4L or the right side
piping 4R and the second fluid port 5, and the valving
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clement 8 blocks the flow of fluid via the left side piping 4L
or the right side piping 4R, 1t 1s possible to pass the fluid tlow
through the second fluid port 5. Accordingly, 1n this embodi-
ment, the peripheral wall 13 has the second fluid port 5.

Further, the circular plane members 851 and 852 have the
thick member 851 and the thin member 852. With the thin
member 852, an opening Sa of the second fluid port 3 1n the
peripheral wall 12 1s prevented from being occluded regard-
less of the position of the valving element 8. Incidentally,
when the thin member 852 does not exist but only the thick
member 851 exists, a part of the thick member 861 might
fills 1n a part of the opening Sa of the second fluid port 5.

With the rotation of the valving element 8, a fluid passage
where the left side piping 4L and the right side piping 4R
forming the first fluid ports 4L and 4R and the second fluid
port 5 selectively communicate with each other 1s formed.
Further, a driving mechanism 21 to repeatedly drive the
respective valving elements 8 only by respectively prede-
termined rotation angles and stop them 1s provided as shown
in FIG. 4.

The dniving mechanism 21 has a motor forming a single
driving source 22 and a motive power transmission member
to transmit the rotation motive power of the single driving
source 22 to the respective rotary valves 1, 2 and 3. The
motive power transmission member 1s formed with combi-
nations of plural gears 23, 24, 25, 31, 32, 33 and the like.

The motive power of the driving source 22 1s transmitted
to the respective rotary shaits 9 (FIG. 1) of the plural rotary
valves 1, 2 and 3. The positions of the valving elements 8
with respect to the left side piping 4L and the right side
piping 4R forming the first fluid ports 4L and 4R and the
second fluid port 5 are mutually different among the respec-
tive rotary valves 1, 2 and 3. The respective valving ele-
ments 8 are drniven.

In FIG. 3, the matenal of the valving element 8 1s resin or
the like. Further, the valving clement 8 1s formed i a
stepped shape having a stepped member 84 shown in FIG.
3 so as to have a shape not to occlude the opening hole 5a
(FIG. 2) connected to the discharge pipe 5 forming the
second fluid port 5.

The valving element surface seal 14 (FIG. 2) 1s a part
necessary to shut cooling water on the suction port side to
stop the flow without leakage. It exists in a clearance
between the casing 6 and the valving element 8. The rotating
valving element 8 and the valving element surface seal 14
formed of a circular band are fixed by any means of
adhesion, contact bonding, engagement and the like. As the
material of the casing 6 to accommodate the valving element
8, synthetic resin material such as nylon, PPA or PPS 1s used.
Note that when pressure-tight performance 1s required,
metal (aluminum or SUS) 1s used.

The material of the valving element surface seal 14
formed of the circular band 1s preferably rubber material
having durability against ethylene glycol, a rust-preventive
agent, performance improver and the like blended in the
cooling water. Accordingly, generally, EPDM or fluorocar-
bon rubber 1s used.

The valving element 8 has a structure where 1t 1s projected
to the outside from the casing 6 as shown i FIG. 1 for
connection with the gear train forming the driving mecha-
nism 21. Accordingly, a seal structure to prevent leakage of
the cooling water 1n the casing 6 to the outside 1s necessary.
Generally, a cylinder seal 23 using an O ring (FIG. 1) 1s
used.

In FIG. 4, the rotary valves 1, 2 and 3 have a first rotary
valve 1, a second rotary valve 2 and a third rotary valve 3,
and have a first body of rotation (first rotation body) 31 to
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drive the first rotary valve 1, a second body of rotation
(second rotation body) 32 to drive the second rotary valve 2
and a third body of rotation (third rotation body) 33 to drive
the third rotary valve 3. These first to third bodies of rotation
31 to 33 have gears as described above.

The second body of rotation 32 and the third body of
rotation 33 are driven with a shaft (common shaift) 34 of the
first body of rotation 31. The respective valving elements 8
of the first rotary valve 1, the second rotary valve 2 and the
third rotary valve 3, connected to the first to third bodies of
rotation 31 to 33 via mput pinions 31a, 32a and 33a, rotate
by respectively predetermined rotation angles and stop.

Then the predetermined rotation angles are set such that
the rotation angles of the valving elements 8 in at least a pair
of rotary valves are mutually different. For example, the
rotation angles of the respective valving elements 8 of a pair
of rotary valves 1 and 2 are mutually different. Note that 1n
this embodiment, the rotation angles of the respective valv-
ing elements 8 1n all the pairs of the rotary valves 1, 2 and
3 are mutually different.

As shown 1n FIG. 3, the left side piping 4L and the rnight
side piping 4R which are the respective first fluid port of the
plural rotary valves 1, 2 and 3 are respectively connected to
the common tluid pipings (pipes) 41 and 42. In this embodi-
ment, the common fluid pipings 41 and 42 have a first
common fluid piping (pipe) 41 and a second common fluid
piping (pipe) 42. The plural rotary valves 1, 2 and 3 are
mechanically connected to the first common fluid piping 41
and the second common fluid piping 42.

The driving source 22 rotates the common shaft 34 which
extends 1n parallel with the apposition direction of the rotary
valves 1, 2 and 3. Then the respective rotary valves 1, 2 and
3 are driven via the common shaft 34. As shown 1n FIG. 4,
the driving source 22 1s provided between the second body
of rotation 32 and the third body of rotation 33, however, 1t
may be provided among other bodies of rotation.

As described above, in this embodiment, the rotation
angles of the valving elements 8 of the respective rotary
valves 1,2 and 3 .. . (N) are all different. Assuming that the
rotation angle of the first rotary valve 1 1s 1, the rotation
angle ratio of the (N) rotary valves has relation of 1 to 2 to
4 to ... to 2 to the (N-1)th power.

As shown 1n FIG. 4, an 1input pinion 31a connected to the
rotary shatt 9 of the first rotary valve 1 driven with a gear
forming the first body of rotation 31 1s provided with a
rotation angle detection device (potentiometer) 43. The
rotation angle detection device 43 detects the rotation posi-
tion of the rotary shait 9 of the first rotary valve 1. Regarding,
a motor 22 forming the driving source 22, 1t 1s suflicient to
perform only rotation in a forward direction, however, in the
first embodiment, for improvement 1n rotary valve switching
speed, a forward/reverse directional rotation (reversible
rotation) function 1s added.

As the motor 22, a low-price direct-current motor 1s used.
A reduction gear 24 engaged with an output pinion 23
connected to an output shait of the motor 22 1s, 1n consid-
eration of shortage of torque of the motor 22, used for
obtaining larger rotational drniving power (torque) to the
valving element.

A center gear 31 forming the first body of rotation 31 1s
fixed to the common shaft (center shaft) 34 and 1s engaged
with the mput pinion 31q as a valving element gear. Assum-
ing that the rotation angle of the first rotary valve 1 1s 1, the
rotation angle ratio of the (N) rotary valves has relation of
l1to2to4to...to2 tothe (N-1)th power as described
above.
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The gear ratio between the first body of rotation 31 and
the mput pimon 31a 1s designed such that, 1n the first rotary
valve 1, the second rotary valve 2 and the third rotary valve
3, the above-described rotation angle ratiois 1 to 2 to . . . 2
to the (N-1)th power respectively. As the matenal of the first
to third bodies of rotation 31 to 33 and the input pinions 31a,
32a and 33a forming the valving element gear, synthetic
resin or the like may be used.

The mput pinions 31a, 32a and 33a forming the respec-
tive valving element gears and the internal valving elements
8 are connected to each other and integrally rotated. The
integration by connection 1s made by any of adhesion,
welding, press fitting, mtegral moulding and the like. The
common shait 34 is a part to coaxially connect the plural first
to third bodies of rotation 31 to 33. The material of the
common shaft 34 1s SUS material or the like. A bearing or
the like to hold the common shaft 34 1s attached to an outer
casing 51 (FIG. 6).

In the rotation angle detection device 43 i FIG. 4, by
regularly providing a potentiometer to detect the rotation
angle by electrical resistance and a magnetic body, and
reading the arrangement pattern of the magnetic bodies with
a Hall device, the current rotation angle of the input pinion
31a, 1.e., the rotation angle of the valving element 8 1is
detected. As a detectable angle of the rotation angle detec-
tion device 43, a range of at least 360 degrees 1s required. It
goes without saying that it 1s necessary for the valving
clement 8 and the rotation angle detection device 43 1n the
first rotary valve 1 to move integrally.

As shown 1n FIG. 3, the first fluid ports 4L and 4R have
the left side piping 4L and the rnight side piping 4R com-
municating with the imnside of the casing 1n mutually different
positions. As shown in FIG. 5, the common fluid pipings 41
and 42 have the first common fluid piping 41 and the second
common fluid piping 42 through which different types of
fluid (warm water and cool water) 41a and 42a tlow respec-
tively. Then the plural rotary valves 1, 2 and 3 between the
first common fluid piping 41 and the second common fluid
piping 42 are connected via the first common fluid piping 41
and the second common fluid piping 42.

As shown 1n FIG. 6, the rotary valve having the three
rotary valves 1, 2 and 3 and the driving mechanism 21 are
included 1n the tank-shaped outer casing 51. The 1nside of
the outer casing 51 communicates with the outside air via a
ventilation hole 52. A part of the common fluid pipings 41
and 42 1s formed through the outer casing 51. The ventilation
hole 52 maintains proper pressure in the outer casing 31. In
the case of watery environment, a cap (filter) having fluo-
roresin porous membrane 1s put on the ventilation hole 52 in
sOme cases.

The outer casing 51 stores the gears of the driving
mechanism 21 and the motor. The outer casing 51 may be
integrally molded with any one of the left side piping 4L, the
right side piping 4R, the discharge pipe 3 and the casing 6
of the rotary valve, the first common tluid piping 41 and the
second common tluid piping 42. The material of the outer
casing 51 i1s equivalent to that of the casing 6.

FIG. 7 illustrates an internal structure in which in the
valving element 8 of any one of the rotary valves 1, 2 and
3 1n the first embodiment, the left side piping 4L in the first
fluid port 1s occluded. In FIG. 7, the rotation angle
indicates a rotation angle from an initial position. Further, a
valving element close angle yc as an angle of divergence of
the valving element 1s 180 degrees 1n FIG. 7. The suction/
discharge relation can be inversed, however, 1n this embodi-
ment, a first piping (left side piping 41.) and a second piping
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(right side piping 4R) forming the first fluid port form a
suction unit. Further, the second fluid port 5 forms a dis-
charge unait.

The rotation angle ratio among the plural valving ele-
ments 8 1s 1 to 2 to the (n-1)th power (n 1s an arbitrary
natural number not including 0) as shown 1n FIG. 8 to FIG.
10. For example, the respective valving elements 8 start
from the status in F1G. 8, rotate by double-up rotation angles
such as rotation angles of 60 degrees, 120 degrees, 240
degrees 1 FIG. 9 and 120 degrees, 240 degrees and 480
degrees 1n FIG. 10, and stop.

FIG. 8 shows an internal structure of the plural rotary
valves 1, 2 and 3 showing the initial position operation
pattern when the rotation angles 1n the above-described
embodiment are all O degrees. In the operation pattern
example 1n the structure with the three rotary valves 1, 2 and
3 1n this case, sequentially, the rotation angle of 0 degrees,
the rotation angle of 0 degrees and the rotation angle of O
degrees are shown. The discharged fluid 1s “mixed”
(“MIXED” 1 FIG. 8), “mixed”, and “mixed”.

In FIG. 8, in any of the rotary valves 1, 2 and 3, the fluid
flows 1n the casing 6 from both of the lett side piping 4L and
the right side piping 4R, and flows out from the discharge
piping 5 as the second fluid port 5. Accordingly, this 1s a mix
mode (mixing) of fluids from two systems of warm water
and cool water.

FIG. 9 shows an internal structure of the plural rotary
valves 1, 2 and 3 showing the operation pattern when the
rotation angles in the first embodiment are 60 degrees, 120
degrees and 240 degrees. In the operation pattern example 1n
the structure with the three rotary valves 1, 2 and 3 in this
case, the rotation angles are sequentially the rotation angle
of 60 degrees, the rotation angle of 120 degrees and the
rotation angle of 240 degrees. The discharged fluid 1s
“right”, “right” and “left”.

FIG. 10 shows the inside of the plural rotary valves 1, 2
and 3 showing the operation pattern when the rotation angles
in the first embodiment are 120 degrees, 240 degrees and
480 degrees. The flmd discharged from the three rotary
valves 1, 2 and 3 1n this case 1s “right”, “left” and “right”.
That 1s, n FIG. 10, the first rotary valve 1 discharges the
fluid tlowed from the right side piping 4R, the second rotary
valve 2 discharges the fluid flowed from the left side piping
41, and the third rotary valve 3 discharges the tluid tlowed
from the right side piping 4R.

FIG. 11 shows operations of the respective rotary valves
1, 2 and 3 1n eight flow passage patterns in the first
embodiment. The first rotary valve 1 to the third rotary valve
3 are abbreviated to valve 1 to valve 3. In the column of the
flow passage pattern, “L” indicates a status where the fluid
flowed from the left side piping 4L 1s discharged. Further,
“R” indicates a status where the fluid flowed from the right
side piping 4R 1s discharged. “MIXED” means the mix
mode, 1n which the fluid flows 1n the casing 6 from both of
the left side piping 4L and the right side piping 4R and flows
out from the discharge piping as the second fluid port 5, 1s
abbreviated.

In the first embodiment, in the rotating valving element 8,
the left side piping 4L has a suction pipe, and the right side
piping 4R also has a suction pipe. It has a function of guiding
only one of the cooling water to flow from the suction pipe
into the casing 6 to the discharge pipes forming the second
fluid port 3.

With reference to FIG. 12 to be described later, the
valving element 8 (FIG. 7) in the first embodiment has a
circular arc shape. As shown 1n FIG. 12, the angle spreading
from the rotary shaft 9 as a center between both end surfaces
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on the casing inner side, corresponding to the hole diameter
of the first fluid ports 4L and 4R, 1s a port hole diameter
angle a (suction port opening angle). The angle spreading
from the rotary shait 9 as a center between the left side
piping 4L, and the right side piping 4R 1s a port alienation
(separation) angle 3 (suction pipe arrangement angle). The
angle equal to or smaller than 180 degrees from the rotary
shaft 9 as a center between the both ends of the valving
clement 8 1s a valving element close angle yc. When 360
degrees —vyc 1s a valving element open angle vo, 1n the rotary
valves 1, 2 and 3 1n the first embodiment, the port hole
diameter angle o 1s 45 degrees, the port alienation angle f3
1s 180 degrees, the valving element close angle yc 1s 180
degrees, and the valving element open angle yo 1s 180
degrees.

By setting the port alienation angle p to 180 degrees,
within the apposition number N of the rotary valves 1, 2 and
3, limited with a value of the port hole diameter angle «.,
flow passage switching 1s possible 1 2 to the Nth power
patterns. In other settings, addition of a shut function to be
described later and flow regulation to be described later are
possible, however, the number of patterns 1s smaller than 2
to the Nth power 1n some cases.

The rotary valves 1, 2 and 3 1n the first embodiment
generally have the inner shape shown in FIG. 7. The port
hole diameter angle o 1s 45 degrees; the port alienation angle
3, 180 degrees; the valving element close angle yc, 180
degrees; and the valving element open angle vo, 180
degrees. Under this condition, the number of the rotary
valves 1, 2 and 3 to realize the flow passage switching in the
2 to the Nth power patterns 1s limited.

As shown 1n FIG. 11, in the respective regions where the
rotation angle of the valving element 1s (0 degrees to a./2
degrees), (180-a/2) degrees to (180+0/2) degrees, and
(360-a/2) degrees to 360 degrees, the mode 1s a mix region
operation mode 1n which the fluids from the left and right
suction pipings 4L and 4R are mixed and flow to the
discharge piping 5.

When a mix region to enter the mix region operation
mode exists in any one of the rotary valves 1, 2 and 3,
arbitrary flow passage distribution cannot be performed.
Accordingly, when a flow passage pattern 1s to be realized,
it 1s necessary to form a flow passage pattern at rotation
angle(s) such that no mix region exists in the operation
patterns of all the rotary valves 1, 2 and 3.

In FIG. 11, 1n the region where the rotation angle of the
first rotary valve 1 1s (0 to ¢/2) degrees, when the operation
region overlaps a region where the rotation angle of the N-th
rotary valve 1s (180-c/2) degrees to (180)+c/2) degrees, 1t
1s 1mpossible to perform flow passage switching in the 2 to
the Nth power patterns.

As described above, as the limitation (conditions) when
the tlow passage switching 1n the 2 to the Nth power patterns
with N valves 1s to be realized, assuming that the suction
port opening angle 1s a degrees, the N and a angle values
must satisty the following expression 1.

N=(180/a)-1 (Expression 1)

Note that N 1s the number of apposed rotary valves 1, 2
and 3, and a., the port hole diameter angle. Note that when
the tlow passage switching in the 2 to the Nth power patterns
1s satisfied, it 1s not necessary to satisty the above relational
CXpression.

In the case of a cooling circuitry where cooling water
from two systems, €.g. a warm water system and a cold
water system, 1s selectively distributed to two or more
passages, the group of three-way valve type rotary valves 1,
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2 and 3 to perform “2 input 1 out” type flow passage
switching 1s apposed 1n correspondence with the number of
passages to be subjected to distribution. Then, 1t 1s possible
to independently control the respective groups of the rotary
valves 1, 2 and 3.

When the number of outputs (discharge ports) 1s N, 1t 1s
possible to perform the tlow passage switching in the 2 to the
Nth power patterns by independently controlling the respec-
tive rotary valves 1, 2 and 3. Note that as a tflow passage
switching pattern, since there are two flow passage patterns
for any one of the rotary valves 1, 2 and 3, when the N
patterns independently exist, there are 2 to the Nth power
flow passage patterns.

In the first embodiment, the N “2 inputs 1 output™ type
three-way valve type rotary valves 1, 2 and 3 are connected,
and the rotation of the single driving source 22 1s transmitted
with the driving mechanism 21 having a gear mechanism to
the respective rotary valves 1, 2 and 3. With this arrange-
ment, the flow passage switching in the maximum 2 to the
Nth power patterns 1s realized.

In this case, the respective rotary valves 1, 2 and 3 have
the valving element 8 at the valving element close angle vc
of 180° inside. The flow passage pattern 1s switched by
rotation of the valving element 8. Then, to change the
rotation angle of the mternal valving element 8 by each of
the rotary valves 1, 2 and 3, the speed ratio (or gear ratio)
among the respective bodies of rotation 31, 32 and 33 and
33 and the input pinions 31a, 32a and 33a 1s changed. Note
that the speed ratio U 1s represented as a result of division
of the number of gears of the driving gears (31, 32 and 33
in FIG. 4) by the number of gears of the driven gears (31a,
32a and 33a 1n FIG. 4), or a result of division of the angular
speed of the driven gears by the angular speed of the driving
gears.

A case where two of the rotary valves 1, 2 and 3 exist (for
example, 1 and 2) will be studied. In this case, as a tlow
passage pattern, when the flow passage pattern for the first
rotary valve 1 1s “left”, as the flow passage pattern for the
second rotary valve 2, two patterns, “right” and “left” are
possible patterns. Similarly, when the flow passage pattern
for the first rotary valve 1 1s “right”, as the tlow passage
pattern for the second rotary valve 2, two patterns, “right”
and “left” are possible patterns.

In this manner, subsequently to one first flow passage
pattern, two second “right” and “left” flow passage patterns
are conceivable. Similarly, subsequently to second one tflow
passage pattern, two third “night” and “left” patters are
concelvable. In this relation, when the number of valves 1s
incremented by one, the total number of flow passage
patterns becomes the square. With any one of the first rotary
valves 1, 2 and 3 having two patterns as a reference, the
number of flow passage patterns when the number of values
1s increased to the number of Nth rotary valve 1s 2 to the Nth
power patterns.

Here, a case when the pattern for the first rotary valve 1
1s “right”, and the “right” and “left” are to be changed in the
patterns for the second rotary valve 2 will be studied. Since
the valve structure 1s a rotary valve, the valve rotation angle
range when the pattern for the first rotary valve 1 1s “right”
1s limited to a range obtained by subtracting the port hole
diameter angle (suction port opeming angle) o from 180°.

While the valving element rotation angle of the first rotary
valve 1 1s within the “right” operation angle, 1t may be
rotated such that the second valve patterns are “right” and
“lett”. Then, the two rotary valves 1 and 2 may be connected
such that the rotation angle of the second rotary valve 2 1s
double of the rotation angle of the first rotary valve 1.

10

15

20

25

30

35

40

45

50

55

60

65

12

With this connection, when the first rotary valve 1 1s
within the range of “right”, the second rotary valve 2 covers
the “right” and “left” operation angles. In the case of this
idea, the rotation angle ratio as a ratio between the rotation
angle of some rotary valve A and the rotation angle of 1ts
adjacent rotary valve A+1 1s doubled. With this arrangement,
it 1s possible to cover the flow passages 1n the 2 to the Nth
power patterns while the first rotary valve 1s rotated 360°.

Note that since the “flow passage mix” region determined
based on the values of the port hole diameter angle (suction
port opening angle) a and the valving element open angle vo
exists, the number of rotary valves 1, 2 and 3 1s limited.

As described above, the rotation angle ratio among the
valving elements 8 of the first rotary valve 1, the second
rotary valve 2 . . . the Nth rotary valve N 1s set as 1:2: . . .
2 to the (N-1)th power. With this arrangement, 1t 1s possible
to obtain the tlow passage switching unit to realize the 2 to
the Nth power patterns of flow passages while the first rotary
valve 1 rotates 360°.

The effects of the first embodiment will be described.
Here the eflects of the first embodiment are summarized as
tollows. The respective first fluid ports 4L and 4R of the
plural rotary valves 1, 2 and 3 are connected to the common
fluid pipings 41 and 42. Further, the plural rotary valves 1,
2 and 3 are mechanically connected to the common fluid
pipings 41 and 42. According to this arrangement, the plural
rotary valves are respectively connected to the common fluid
piping, accordingly, 1t 1s possible to enhance the connection
strength of the plural rotary valves with the common tluid
piping.

Further, the plural valving elements 8 connected to the
driving mechanism 21 repeat rotating by respectively-pre-
determined rotation angles and stopping, and at least a pair
of valving elements 8 rotate by mutually different rotation
angles and stop. According to this arrangement, it 1s possible
to appose plural rotary valves and perform flow passage
switching 1n a large number of patterns.

Further, since all the valving elements 8 rotate by mutu-
ally different rotation angles then stop and the rotation angle
ratio among the valving elements 8 is 1 to 2! (n is an
arbitrary natural number not including 0), i1t 1s possible to
appose N rotary valves and perform flow passage switching
in 2 to the Nth power patterns. With this arrangement, for
example, the respective valving elements rotate double-
double rotation angles such as 60 degrees, 120 degrees and
240 degrees and stop.

Next, the first flmd ports 4L, and 4R have the left side
piping 4L and the right side piping 4R communicating with
the mside of the casing 6 1n mutually different positions. The
common tluid pipings 41 and 42 have the first common tluid
piping 41 and the second common fluid piping 42 through
which different types of fluids flow. Then the plural rotary
valves 1, 2 and 3 between the first common fluid piping 41
and the second common fluid piping 42 are connected via
the first common fluid piping 41 and the second common
fluid piping 42. According to this arrangement, as the plural
rotary valves have three-way valves, and are connected
between and via the first common flmd piping and the
second common fluid piping, it 1s possible to further enhance
the connection strength of the plural rotary valves.

Further, the driving source 22 rotates the common shaift 34
extending 1n parallel with the apposition direction of the
rotary valves 1, 2 and 3. Then, as the respective rotary valves
1, 2 and 3 are driven via the common shait 34, 1t 1s possible
to attain the tlow passage switching unit where the plural
rotary valves 1, 2 and 3 are driven with the single driving
source 22.
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Further, the plural rotary valves 1, 2 and 3 have the first
rotary valve 1, the second rotary valve 2 and the third rotary
valve 3. The driving mechanism 21 has the first body of
rotation 31 to drive the first rotary valve 1, the second body
of rotation 32 to drnive the second rotary valve 2, and the
third body of rotation 33 to drive the third rotary valve 3.
Then the second body of rotation 32 and the third body of
rotation 33 are driven with the common shait 34 as a shaft
of the first body of rotation 31. Further, the respective
valving elements 8 of the first rotary valve 1, the second
rotary valve 2 and the third rotary valve 3 are connected to
the first body of rotation 31, the second body of rotation 32
and the third body of rotation 33. According to this arrange-
ment, 1t 1s possible to drive the common shait as a rotation
axis of the first body of rotation with the single driving
source, and to drive the respective valving elements of the
three rotary valves with the interlocked second body of
rotation and the third body of rotation.

Further, the driving source 22 1s provided between any
body of rotation of the first body of rotation 31, the second
body of rotation 32 and the third body of rotation 33.
According to this arrangement, the driving source 1s pro-
vided between any body of rotation of the first to third
bodies of rotation, and 1t 1s possible to attain a tlow passage
switching unit 1n which the length of the rotary valves 1n the
apposition direction 1s comparatively short.

Second Embodiment

Next, a second embodiment will be described. Note that
in the following respective embodiments, constituent ele-
ments 1dentical to those 1n the above-described first embodi-
ment have the same reference numerals and the explanations
will be omitted. The diflerent constituent elements and
characteristic features will be described.

First, the conditions of the three-way valve to set a shut
mode and a tlow regulation mode will be described. In FIG.
12, the valving element 8 has a circular shape, and the angle
spreading {from the rotary shaft 9 as a center between the
both end surfaces on the casing 7 mner side corresponding,
to the hole diameter of the first fluid port 1s defined as a port
hole diameter angle o (suction port opening angle). The port
hole diameter angle ¢ 1s set within the range from 20 degrees
to 45 degrees, however, 1n this embodiment, the angle o 1s
45 degrees. Note that FIG. 12 1s a schematic diagram not
corresponding to the actual angle.

Next, the angle spreading from the rotary shaft 9 as a
center between the left side piping 4L and the right side
piping 4R 1s defined as a port alienation angle p (suction
pipe arrangement angle). Further, the angle equal to or
smaller than 180 degrees spreading from the rotary shaft 9
as a center between the both ends of the valving element 8
1s defined as a valving element close angle yc (=360
degrees—vo). Then as 1t 1s found from FIG. 12, the port
alienation angle [ (suction pipe arrangement angle) 1s
smaller than 180 degrees. Further, the valving element close
angle vc and the valving element open angle vo are both 180
degrees.

FI1G. 13 shows the status of the shut mode. The shut mode
1s a mode to prevent the fluids 1n both of the night side piping
4R and the left side piping 4L forming the first port from
flowing through the casing 7, by extension, through the
second fluid port 5. Further, the flow regulation mode 1s a
mode 1n which the extent of communication between the left
side piping 4L or the right side piping 4R with the 1nside of

5

10

15

20

25

30

35

40

45

50

55

60

65

14

the casing 7 can be regulated. Then, the conditions of the
three-way valve to set the shut mode and the flow regulation
mode are as follows.

The valving element 8 has a circular shape. The angle
spreading from the rotary shaft 9 as a center between the
both end surfaces on the casing 7 inner side, corresponding
to the hole diameter of the first fluid ports 4L and 4R, 1s the
port hole diameter angle a. The port alienation angle [
spreads from the rotary shaft 9 as a center between the left
side piping 4L and the right side piping 4R. The angle equal
to or smaller than 180 degrees spreading from the rotary
shaft 9 as a center between the both ends of the valving
clement 8 1s the valving element close angle yc. The “360
degrees—yc” 1s the valving element open angle vo.

In the relation among these angles, the port alienation
angle p 1s “equal to or larger than the port hole diameter
angle o and equal to or smaller than 180 degrees”. Further,
the valving element close angle vc 1s “equal to or smaller
than 360 degrees-port hole diameter angle o”. When
vozo+[3 holds as the relation among the port hole diameter
angle a, the port alienation angle {3 and the valving element
open angle vo, the function of the shut mode and the tlow
regulation mode can be set.

Third Embodiment

Next, a third embodiment will be described. The charac-
teristic features different from those 1n the above-described
embodiments will be described. FIG. 14 shows an internal
structure of the rotary valve in the third embodiment. The
valving element close angle (valving element occlusion
angle) vc 1 the third embodiment 1s 135 degrees smaller
than 180 degrees. Further, the port hole diameter angle
(suction port opening angle) o 1s 45 degrees, and the port
alienation angle (suction pipe arrangement angle) p 1s 180
degrees.

FIG. 15 shows operations of the respective rotary valves
in the eight flow passage patterns 1n the third embodiment.
In FIG. 15, the first rotary valve 1 to the third rotary valve
3 are abbreviated to valve 1 to valve 3. In the column of the
flow passage pattern, “L” indicates a status where the fluid
flowed from the left side piping 4L 1s discharged. Further,
“R” indicates a status where the fluid flowed from the right
side piping 4R 1s discharged. “MIXED” means the mix
mode, 1n which the fluid flows in the casing 7 from both of
the left side piping 4L, and the right side piping 4R and flows
out from the discharge piping as the second fluid port 5, 1s
abbreviated. The “flow regulation” 1s the flow regulation
mode. Further, “S” or “shut” indicates the shut mode.

In this manner, 1 this third embodiment, the port alien-
ation angle p 1s “equal to or larger than the port hole
diameter angle ¢. and equal to or smaller than 180 degrees”.
Further, the valving element close angle vc 1s “equal to or
smaller than 360 degrees-port hole diameter angle &, As the
relation among the port hole diameter angle ¢, the port
alienation angle p and the valving element open angle vo
“vozo+[37, 225 degrees=45+180 holds, and the relation 1s
established.

Since the relation “yezp+a” 1s established, even 1n the
third embodiment 1n FIG. 14 and FIG. 15, the following

functions are obtained. That 1s, the function of the shut mode
to prevent the fluid 1n both of the right side piping 4R and
the left side piping 4L forming the first port from flowing in
the casing 7, by extension, through the second fluid port 5,
and the function of the flow regulation mode, can be set.

Fourth Embodiment

Next, a fourth embodiment will be described. The char-
acteristic features different trom those in the above-de-
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scribed embodiments will be described. FIG. 16 1s a sche-
matic perspective diagram of the tlow passage switching

unit 1n the fourth embodiment. This tlow passage switching,
unit has a 2-1n 3-out valve.

In FIG. 16, 1t 1s possible to arbitrarily distribute cooling
water from two systems at intermediate-temperature and
low-temperature 1n three directions. The motor forming the
single driving source 22 1s provided outside the rotary valves
1, 2 and 3. The motor 22 rotates only as forward direction
rotation. Three rotary valves 1, 2 and 3 and unshown one
potentiometer are provided. The driving mechanism 21 has
a gear train.

Fifth Embodiment

Next, a fifth embodiment will be described. The charac-
teristic features diflerent from those 1n the above-described
embodiments will be described. FIG. 17 1s a schematic
perspective diagram of the flow passage switching unit using,
a crank mechanism in the fifth embodiment. A crank mecha-
nism 61 has crank gears 62a, 626 and 62c, the first body of
rotation 31, the second body of rotation 32 and the third
body of rotation 33, the common shait 34, crank arms 64a,
646 and 64¢ and the like.

The first body of rotation 31 to drive the valving element
8 of the first rotary valve 1, the second body of rotation 32
to drive the valving element 8 of the second rotary valve 2
and the third body of rotation 33 to drive the valving element
8 of the third rotary valve 3 are provided. These bodies of
rotation 31 to 33 drive the respective crank gears 62a, 625
and 62¢ and the respective crank arms 64a, 646 and 64c.
Then, unknown crank rods connected to the ends of the
respective crank arms 64a, 64b and 64c¢ and the like are
driven, to reciprocate-rotate drive the rotary shafts 9 and the
valving elements 8 of the respective rotary valves 1, 2 and
3. Note that since FIG. 17 illustrates a schematically sim-
plified diagram, illustration of a part of the components 1s
omitted.

FIG. 18 shows the crank mechamism 1n the fifth embodi-
ment and shows a structure viewed from an arrow XVIII
direction 1n FIG. 17. In FIG. 18, the first body of rotation 31
1s rotated with the common shait 34 rotated with the motor
as the driving source 22.

Next, the first crank gear 62a engaged with the first body
of rotation 31 rotates. The first links 635a and 66a perform
reciprocal motion with the first crank arm 64a which rotates
integrally with the shaft center of the first crank gear 62a. A
part of the rotary shait 9 which rotates together with the
internal valving element 8 1s exposed to the outside of the
casing 6 of the rotary valve 1.

FIG. 19 shows a structure viewed from an arrow XIX
direction in FIG. 17. Note that the relation among the third
body of rotation 33, the crank gear 62¢ and the crank arm
64¢ 1n FIG. 17 1s similar to that in FIG. 19. In FIG. 19, the
second body of rotation 32 1s rotated with the common shaft
34 rotated with the motor as the driving source 22. Next, the
second crank gear 6256 engaged with the second body of
rotation 32 rotates. A second link rod 6356 and a cam plate
666 forming a second link perform reciprocal motion with
the second crank arm 645 which rotates integrally with the
shaft center of the second crank gear 62b.

In the cam plate 665 1n which a ditch 1s formed, a pin of
the second link rod 656 1s slid in the ditch. With this
arrangement, the cam plate 66 1s driven by the reciprocal
motion of the second link rod 655. The motion of the cam
plate 660 1s transmitted to the rotary shait 9 of the rotary
valve 2 and the internal valving element 8. A stopper 675 to
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regulate the motion of the cam plate 665 1s fixed integrally
with the casing 6 of the rotary valve 2.
In the above-described structure, to ensure the valving

clement open angle (valving element opening angle) vo, the
rotation angle 1s partially increased with the link mecha-
nism. Further, stoppers 67a and 675 are fixed to the outside
of the casing 6 of the respective rotary valves 1 and 2. As the
stoppers 67a and 67b exist, the valving elements 8 of the
respective rotary valves 1 and 2 are reciprocally movable
within the range from -90° to +90°. Note that when the
stoppers 67a and 67b do not exist, the valving element 8
performs rotational motion, and the feasibility of fluid
switching pattern 1s lost.

Sixth Embodiment

Next, a sixth embodiment will be described. The charac-
teristic features diflerent from those in the above-described
embodiments will be described. FIG. 20 shows an internal
structure of the rotary valve. The peripheral wall of the
casing 6 1s provided with the left side piping 4L and the right
side piping 4R forming the first fluid port, and the discharge
piping forming the second fluid port 5.

The space 7 1n the casing 6 has a cylindrical shape, and
the left side piping 4L, the right side piping 4R and the
second fluid port 5 are provided 1n the peripheral wall 1n
mutually different positions. The valving element 8 has a
circular shape along the peripheral wall. As the rotary valve
has the same structure as that of a general three-way valve,
it can be easily manufactured. The port hole diameter angle
(suction port opening angle) o 1s 22.5 degrees.

FIG. 21 shows the flow of the fluid 1n the three rotary
valves 1n eight flow passage patterns in the sixth embodi-
ment. Sequentially from the left, in the first rotary valve 1
(valve 1), the second rotary valve 2 (valve 2) and the third
rotary valve 3 (valve 3), rotation angle and stop position of
the valving element 8 are described. “L” indicates a valve
mode 1indicating that the fluid flows through a left side
suction pipe forming the lett side piping 4L.. In contrast, “R”
indicates a valve mode where the fluid flows through a right
side suction pipe forming the right side piping 4R.

As shown 1n FIG. 21, among the operation patterns, 1n a
first pattern P1, the first rotary valve 1, the second rotary
valve 2 and the third rotary valve 3, 1n this order, stop in the
valve rotation angle positions of —90 degrees, —90 degrees
and —90 degrees. Further, 1n a fifth pattern P3, the first rotary
valve 1, the second rotary valve 2 and the third rotary valve
3, in this order, stop 1n the valve rotation angle positions of
22.5 degrees, 67.5 degrees and —45 degrees. Further, 1n an
cighth pattern P8, the first rotary valve 1, the second rotary
valve 2 and the third rotary valve 3, in this order, stop in the
valve rotation angle positions of 90 degrees, —90 degrees
and —-90 degrees.

Seventh Embodiment

Next, a seventh embodiment will be described. The char-
acteristic features different from those in the above-de-
scribed embodiments will be described. In FIG. 22, the flow
passage switching unit 1s formed with a combination of 1-in
1-out respective rotary valves.

By the design of the opening shape of the valving element
of the respective 1-in 1-out rotary valves 1, 2 and 3 and
apposition of the three 1-in 1-out rotary valves, the driving
mechanism 21 having a connection structure where the
rotation angles of the valving elements 8 of the respective
rotary valves 1, 2 and 3 are 1 to 2 to 3 1s provided. With this
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arrangement, a 1-1n 3-out tlow passage switching unit using
the single driving source 22 1s formed.

In FIG. 22, in the plural rotary valves 1, 2 and 3, the
unshown respective inner rotary shafts 9 are provided 1n a
right angled direction with respect to the apposition direc-
tion of the rotary valves 1, 2 and 3 (horizontal direction in
FIG. 22), and in parallel with each other. The drniving
mechanism 21 has a spur gear train rotated with the drniving
source 22. According to this arrangement, it 1s possible to
obtain a flat flow passage switching unit having a small
thickness 1n the direction of the rotary shaft 9 (thickness in
the vertical direction 1n FIG. 22).

FIG. 23 shows a plane shape of the valving element 8 in
the respective rotary valves 1, 2 and 3. The rotary shatt 9 of

the valving element 8 extends 1n a front/rear direction of the
sheet of FIG. 23, and in FIG. 22, extends 1n a vertical
direction. The valving element 8 has an opening 83 1n which

the fluid flows between two solid projections 81 and 82.

FI1G. 24 schematically shows a plane shape viewed from
an upper direction of the sheet of FIG. 22 toward a lower
direction of the sheet. A first valve gear 91 1s rotated with an
output gear of the motor forming the single driving source
22, and the rotation of the first valve gear 91 1s transmitted
via two coupling gears 92 and 93 to a second valve gear 94
to drive the second rotary valve 2.

Further, the rotation of the second valve gear 94 1s
transmitted via two coupling gears 95 and 96 to a third valve
gear 97. Further, among the three (N=3) respective rotary
valves 1, 2 and 3, when the rotation angle of the valving
clement 8 of the first rotary valve 1 1s 1, rotation angle of the
valving element 8 of the second rotary valve 2 1s doubled.
Further, the number of gears of the gear train to triple the
rotation angle of the valving element 8 of the third rotary
valve 3 1s set.

In other words, as the rotation angle ratio of the internal
respective valving elements 8, 1:2: . . . 2 to the (N-1)=4
holds. In this case, as the number of the rotary valves 1, 2
and 3 1s three, 1t 1s possible to realize tlow passage switching
in 2 to the third power, 1.e., eight patterns.

FIG. 25 1s an internal structural diagram showing the flow
of the fluid 1n the respective rotary valves 1, 2 and 3 (the first
valve, the second valve and the third valve) in the eight flow
passage patterns. The rotation angle (operation angle) of the
first rotary valve (the first valve) such as O degrees, 50
degrees, 67 degrees . . . 315 degrees are shown on the left
side. At the rotation angle (the valve 1 operation angle) of 0
degrees, the fluid flows through the opening of all the
valving elements 8 of the first valve to the third valve.

At the rotation angle (the valve 1 operation angle) of 120
degrees, the fluid tlows 1n a flow-amount regulated status to
the first valve, and the mode becomes the tlow regulation
mode as indicated with a dashed line arrow. Further, at the
rotation angle (the valve 1 operation angle) of 147 degrees,
the first valve enters the shut status, and the fluid flows to the
second valve and the third valve as indicated with a solid
line. In this case, the fluid flows from the first port connected
to the common fluid piping 41 to the second port.

In the above-described seventh embodiment, 1n the plural
rotary valves 1, 2 and 3, as the respective rotary shafts 9 are
arrayed 1n a right angled direction with respect to the
apposition direction of the plural rotary valves 1, 2 and 3 and
provided 1n parallel with each other, 1t 1s possible to obtain
a tlat tlow passage switching unit in which the thickness 1n

a rotation axis direction 1s small.

Eighth Embodiment

Hereinbelow, another embodiment will be described. In
the above-described embodiments, the plural rotary valves
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having the same internal structure are arrayed. However, as
in the case of the embodiment described below, plural rotary
valves having diflerent internal structures may be driven
with a single dnving mechanism and driven such that the
positions of the valving elements of the rotary valves are
mutually different.

An eighth embodiment will be described. The character-
istic features different from those in the above-described
embodiments will be described. FIG. 26 shows the eighth
embodiment along an arrow XXVI-XXVI line 1 FIG. 28.
The flow passage switching umt in FIG. 26 has apposed
plural rotary valves 1 and 2.

The respective rotary valves 1 and 2 have the casing 6,
side walls which are formed inside the casing 6 and which
are opposed, and the peripheral wall 13 formed between
these side walls. The peripheral wall 13 1s provided with
plural seal rubber 13s of EPDM. Note that in FIG. 26, the
side walls are positioned on the front side and back side of
the sheet and they are not seen.

The peripheral wall 13 of the rotary valve 1 1s provided
with first tluid ports 41.1 and 4R1. The first fluid ports 411

and 4R 1 are respectively connected to the first common fluid
piping 41 and the second common fluid piping 42. The first
common fluid piping 41 and the second common fluid
piping 42 form a first suction port 41 and a second suction
port 42.

Further, the peripheral wall 13 of the rotary valve 1 1s
provided with second fluid ports SLL1 and 5R1. The second
fluid ports 5.1 and SR1 form a first discharge port 5.1 and
a second discharge port 5R1. Note that when they are simply
referred to as a second fluid port 5, 1t indicates both of the
first fluid ports 5L.1 and 5R1.

Similarly, the peripheral wall of the rotary valve 2 1s
provided with first fluid ports 41.2 and 4R2. The first fluid
ports 41.2 and 4R2 are respectively connected to the first
common fluid piping 41 and the second common fluid
piping 42. Further, the peripheral wall 13 of the rotary valve
2 1s provided with second fluid ports 5L.2 and 5R2. The
second fluid ports SL2 and 5R2 form a first discharge port
51.2 and a second discharge port SR2. Note that when they
are referred to a second fluid port 5 simply regarding the
rotary valve 2, it indicates both of the first fluid ports 5.2
and 5R2.

FIG. 27A and FI1G. 27B illustrate the valving elements of
the respective rotary valves 1 and 2 shown in FIG. 26. In
FIG. 27A and FI1G. 27B, valving elements 80a and 806 of the
respective rotary valves 1 and 2 (when generally called,
referred to as a valving element 8) have respectively differ-
ent structures. These valving elements 8 are connected to the
rotary shaft 9. As 1t 1s found from FIG. 26, the valving
clement 80aq has a bent approximately U-shaped partition
walls 8ak, and the valving element 805 has an approximately
I-shaped partition wall 8b4. The tlows of the fluids through
the partition wall 8ak and 8bk 1n the valving element 8 are
blocked with these partition walls 8ak and 8bk.

FIG. 28 shows the flow passage switching umt viewed
from an arrow XXVIII direction 1n FIG. 26. In FIG. 28, the
rotary shaits 9 of the respective rotary valves 1 and 2 are
connected to a gear mechanism forming the driving mecha-
nism 21. The rotation of the motor forming the driving
source 22 1s transmitted to the gear mechanism forming the
driving mechanism 21 via the common rotary shait 34
forming a motor torque transmission unit. The driving
mechanism 21 1s accommodated 1mn a dniving mechanism
storage unit 210.

The rotary valve 1 1s provided with the first fluid ports

41.1 and 4R1. The first fluid port 4.1 and 4R1 are respec-
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tively connected to the first common fluid piping 41 and the
second common fluid piping 42.

The second fluid ports 511 and 53R1 (FIG. 26) provided in

the rotary valve 1 are omitted in FIG. 28. Similarly, the
rotary valve 2 1s provided with the first fluid ports 4L.2 and
4R2. The first fluid ports 41.2 and 4R2 are respectively

connected to the first common fluid piping 41 and the second
common fluid piping 42. The second flmd ports 5L.2 and
5R2 (FIG. 26) provided 1n the rotary valve 2 are omitted 1n
FIG. 28.

In FIG. 28, as 1n the case of the flow of cooling water
indicated with arrows Y281 to Y283, the cooling water tlows
from the first common fluid piping 41 1nto the first fluid ports
41.1 and 4L.2. FIG. 29 shows a structure 1n another perspec-
tive of the flow passage switching unit viewed from an arrow
XXVIII direction 1n FIG. 26. In FIG. 29, as 1n the case of the
flow of cooling water indicated with arrows Y291 to Y293,

the cooling water tlows from a first common fluid piping 42
into the first fluid ports 4R1 and 4R2.

The rotation angle detecting device (potentiometer) 43
shown 1n FIG. 28 detects a rotation angle (position) based on
clectrical resistance. It may be arranged, as the rotation
angle detection device 43, a magnetic body 1s provided on
the body of rotation to perform non-contact detection on
change of the magnetic body with a Hall device, or a rotating
disc 1s provided with a slit to perform integral measurement
on 1ts rotation angle with an optical sensor. Further, the
driving mechanism 21 has a gear mechanism to produce
differential rotation of the valving elements 80a and 805
(FIG. 26), however, the differential rotation 1s not limited to
the gear mechanism, but may be formed with any of a link
mechanism, a cam mechanism and a pulley using mecha-
nism, or multiple combinations thereof.

Note that in FIG. 26, the first common fluid piping 41 and
the second common fluid piping 42 form the first suction
port 41 and the second suction port 42, however, the flow of
the fluid 1n the respective ports may be reversed and used.
For example, the first common fluid piping 41 and the
second common ftluid piping 42 may be used as the first
discharge port 41 and the second discharge port 42.

Further, the eighth embodiment has a 2-input 4-output
flow passage switching unit. Then it has the two valving
clements 80a and 805 are provided. The respective valving
clements 80a and 805 are four-way valves, and by connect-
ing the respective valving elements 80a and 806 with a
rotation angle ratio 4:5, eight flow passage patterns are
realized while the valving element 8 rotates twice.

The flow passage switching unit 1n the eighth embodiment
can be used 1n a hydraulic circuit to selectively distribute
cooling water in two systems (two systems with different
temperature bands) in correspondence with temperature
requirement from any of a device to be cooled, a temperature
controller, a cold/warm water generator, a cold heat storage
device and the like connected to the output port.

Further, as the above-described flow passage switching
unit distributes cooling water 1n different temperature bands
in correspondence with requirement from the above-de-
scribed respective devices, 1t 1s possible to utilize waste heat
of the device as a heating source or a heat sink of another
device. Further, when cooling and heating temperatures are
reserved 1n a heat accumulator and when there 1s a device
requiring cooling and warming water, it 1s possible to attain
a tlow passage switching unit to conduct heat management
by controlling the flow passage pattern so as to let the
cooling and warming heat accumulator communicate with
the device requiring the cooling and warming water.
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Note that in the case of the above use, the flow passage
switching unit 1 this embodiment 1s installed on the
upstream side and on the downstream side of the above-
described respective devices. Then, by respectively provid-
ing the flow passage switching unit on the upstream side and
the downstream side, 1t 1s possible to increase the flow
passage patterns in comparison with a case where only one
flow passage switching unit 1s installed.

As described above, the eight flow passage switching
patterns are realized while the valving element 8 rotates
twice, the eight flow passage patters are suflicient since
devices having opposite temperature requirements and sys-
tem communication requirements are connected to a pair of
discharge ports. All the flow passage switching patterns in
the case of 4 outputs 1s 2 to the fourth power=16 patterns.
When one pair (2-outputs) flow passage patterns are oppo-
site to each other, the 2 to the second powerx2=8 patterns
satisly the all. Note that including blocking of flow passage,
3 to the fourth power=108 patterns of tlow passage switch-

ing patterns exist. Hereinbelow, it will be described 1n more
detail.

FIG. 30 shows the flow of the fluid 1n the case of basic
status (operation pattern 1) where the valving element
rotation angles of the valving element 80a and the valving
clement 805 of the respective rotary valves 1 and 2 are both
0 degrees (0 deg) in the above-described eighth embodi-
ment.

FIG. 31 shows the valving element rotation angles of the
valving element 80a (also referred to as a valving element A)
and the valving element 805 (also referred to as a valving
clement B) of the respective rotary valves 1 and 2, and the
flow of the fluid discharged from the discharge ports a to d
shown 1n FIG. 30 and the like, 1n the above-described eighth
embodiment. Further, it shows whether the fluid flows on the
side of the suction port (1) (also first common fluid piping
41 or port ) shown 1n FIG. 30 and the like or on the side of
the suction port (2) (also the second common fluid piping 42
or port 1).

In the operation table of FIG. 31, “4way” indicates a
four-way valve. Further, bold lines L1 and L2 indicate that
the valving element 8 has rotated once at this point. Further,
“null” indicates the valving element 8 stops 1n an unintended
(unused) position where the suction port (1) side and the
suction port (2) side are connected with each other.

As 1t 1s fund from FIG. 30 and FIG. 31, 1n the case of the
basic status (operation pattern 1) where the valving element
rotation angles of the valving elements 80a and 806 of the
respective rotary valves 1 and 2 are both 0 degrees (0 deg),
the cooling water sucked from the suction port (2) side 1s
discharged from the discharge port a. Then, the cooling
water sucked from the suction port (1) side 1s discharged
from the discharge port b, and the cooling water sucked from
the suction port (2) side 1s discharged from the discharge
port ¢. Further, the cooling water sucked from the suction
port (2) side 1s discharged from the discharge port d.

FIG. 32 shows the flow of the fluid 1n the case of the
operation pattern 2 where the valving element rotation
angles of the valving elements 80a and 805 of the respective
rotary valves 1 and 2 are 36 degrees and 45 degrees, in the
above-described eighth embodiment. FIG. 33 shows the
flow of the fluid 1n the case of the operation pattern 3 where
the valving element rotation angles of the valving elements
80a and 805) of the respective rotary valves 1 and 2 are 108
degrees and 135 degrees, in the above-described eighth
embodiment.

FIG. 34 shows the flow of the fluid 1n the case of the

operation pattern 4 where the valving element rotation
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angles of the valving elements 80aq and 8056 of the respective
rotary valves 1 and 2 are 144 degrees and 180 degrees, in the
above-described eighth embodiment. FIG. 35 shows the
flow of the fluid 1n the case of the operation pattern 5 where
the valving element rotation angles of the valving elements
80a and 805b of the respective rotary valves 1 and 2 are 360
degrees and 450 degrees, in the above-described eighth
embodiment.

FIG. 36 shows the flow of the fluid in the case of the

operation pattern 6 where the valving element rotation
angles of the valving elements 80aq and 805 of the respective
rotary valves 1 and 2 are 396 degrees and 495 degrees, 1n the
above-described eighth embodiment. FIG. 37 shows the
flow of the tluid 1n the case of the operation pattern 7 where
the valving element rotation angles of the valving elements
80a and 805b of the respective rotary valves 1 and 2 are 468
degrees and 585 degrees, in the above-described eighth
embodiment. Further, FIG. 38 shows the flow of the fluid in
the case of the operation pattern 8 where the valving element
rotation angles of the valving elements 80a and 8056 of the
respective rotary valves 1 and 2 are 504 degrees and 630
degrees, 1n the above-described eighth embodiment.

The above descriptions will be summarized as follows. In
the eighth embodiment, the peripheral wall 13 of the rotary
valve 1 1s provided with the first fluid ports 4.1 and 4R1
(FIG. 26). The first flmid ports 41.1 and 4R1 are respectively
connected to the first common fluid piping 41 and the second
common fluid piping 42. Further, the peripheral wall 13 of
the rotary valve 1 1s provided with the second fluid ports 511
and SR1.

Similarly, the peripheral wall 13 of the rotary valve 2 1s
provided with the first fluid ports 4.2 and 4R2. The first
fluid ports 41.2 and 4R2 are respectively connected to the
first common fluid piping 41 and the second common fluid
piping 42. Further, the peripheral wall 13 of the rotary valve
2 1s provided with the second fluid ports 51.2 and SR2.

The valving elements 80a and 805 of the respective rotary
valves 1 and 2 have respectively diflerent structures. The
valving element 80a has the bent approximately U-shaped
partition wall 8ak, and the valving clement 806 has the
approximately I-shaped partition wall 854. The rotary shatts
9 (FIG. 28) of the respective rotary valves 1 and 2 are
connected to the gear mechamism forming the driving
mechanism 21. The rotation of the motor forming the
driving source 22 i1s transmitted to the gear mechanism
forming the driving mechanism 21 via the common rotary
shaft 34 forming the motor torque transmission unit.

For example, as shown 1n FIG. 26, the cooling water flows
from the first common fluid piping 41 into the first fluid ports
41.1 and 4L2. Further, the cooling water tlows from the
second common fluid piping 42 into the first fluid ports 4R1
and 4R2.

Note that the first common fluid piping 41 and the second
common fluid piping 42 form the first suction port 41 and the
second suction port 42, however, the flow of the fluid in the
respective ports may be reversed and used. For example, the
first common fluid piping 41 and the second common fluid
piping 42 may be used as the first discharge port and the
second discharge port 42.

Further, the above-described flow passage switching unit
performs 2-mput 4-output tlow passage switching. It has two
valving elements 8, and the respective valving elements 8
are four-way valves. As the respective valving elements 8
are connected at the rotation angle ratio of 4:5 and rotated,
the eight flow passage switching patterns (operation pat-
terns) are realized while the valving elements 8 rotate twice.
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The eflects of the eighth embodiment will be described. In
the above-described eighth embodiment, as shown 1n FIG.
26 and the like, the apposed plural rotary valves 1 and 2 are

provided. The respective rotary valves 1 and 2 have the
casing 6, the side walls 11 and 12 (FIG. 28) which are
formed inside the casing 6 and which are opposed, and the

peripheral wall 13 formed between these side walls 11 and
12.

Then, as shown 1n FIG. 26, the respective rotary valves 1
and 2 have at least one first fluid ports 41.1 and 4R1 (or 41.2
and 4R2) provided 1n the peripheral wall 13 and the second
fluad ports SLL1 and SR1 (or SL.2 and 5R2) provided i the

peripheral wall 13.
Further, the respective rotary valves 1 and 2 have the
valving element 8 (80a and 8056) rotatably supported with

the rotary shaft 9 extending 1n the direction connecting the
side walls 11 and 12 opposed 1nside the casing 6 (FIG. 27A,

FIG. 27B and FIG. 28). Then, with the rotation of the

valving element 8, a flow passage where the first fluid ports
41.1 and 4R1 (or 41.2 and 4R2) and the second fluid ports

511 and 5R1 (or 5L.2 and 5R2) in FIG. 26 sclectively
communicate with each other 1s formed. Further, for this
purpose, the driving mechanism 21 (FIG. 28) to drive the
respective valving elements 80a and 805 by respectively
predetermined rotation angles 1s provided.

The driving mechanism 21 has the single driving source
22 and the motive power transmission member to transmit
the rotation motive power of the single driving source 22 to
the respective rotary valves 1 and 2. The motive power of the
driving source 22 1s transmitted to the respective rotary
shafts 9 of the plural rotary valves 1 and 2. As a result, the
positions of the respective valving elements 8 with respect
to the first fluid ports 4.1 and 4R1 (or 4L.2 and 4R2) and the
second tluid ports SL.1 and SR1 (or 5L.2 and 5R2) are driven
to mutually diflerent positions.

According to this arrangement, it 1s possible to provide
the plural rotary valves 1 and 2 having the first fluid ports
41.1 and 4R1 (or 4L.2 and 4R2) and the second fluid ports
5.1 and 5R1 (or 5L2 and 5R2) and to perform switching
among plural flow passages with the single driving source
22. Further, as the plural rotary valves 1 and 2 are provided,
it 1s possible to shorten the whole length of the rotary shaft
9 1n 1ts axial direction, and 1t 1s possible to perform switching
among a comparatively large number of flow passages. Note
that the second fluid ports may be a single port.

Next, as shown 1n FIG. 26, the respective first fluid ports
41.1 and 4R1 (or 4L.2 and 4R2) of the plural rotary valves 1
and 2 are connected to the common fluid pipings 41 and 42.
Further, the plural rotary valves 1 and 2 are mechanically
connected to the common fluid pipings 41 and 42. According
to this arrangement, as the plural rotary valves 1 and 2 are
respectively connected to the common fluid pipings 41 and
42, 1t 1s possible to enhance the connection strength of the
plural rotary valves 1 and 2 with the common fluid pipings
41 and 42.

Further, the plural valving elements 8 connected to the
driving mechanism 21 (FIG. 28) repeat rotating by respec-
tively predetermined rotation angles and stopping. At least a
pair ol valving clements 8 rotate by mutually different
rotation angles and stop. According to this arrangement, 1t 1s
possible to appose plural rotary valves 1 and 2 and perform
switching among a large number of patterns of flow pas-
sages.

Further, the second fluid ports SL and 3R provided 1n the
peripheral wall 13 have plural ports. Since at least a pair of
rotary valves 1 and 2 have different shapes, the valving
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clements 8 form a complicated flow passage by interlock
between the plural rotary valves 1 and 2.

Ninth Embodiment

Next, a ninth embodiment will be described. The charac-
teristic features different from those 1n the above-described
embodiments will be described. FIG. 39 shows a tempera-
ture controller as an 1n-vehicle unit using the flow passage
switching unit showing the ninth embodiment. In FIG. 39,
two tlow passage switching units 100 and 101 are provided,
and 1n-vehicle plural units are connected via piping between
these flow passage switching umts 100 and 101. The flow
passage switching unit 100 1 FIG. 39 i1s i1dentical to the
eighth embodiment shown 1n FIG. 26.

An independent control valve (four-way valve which 1s
not used while one port 1s closed) 30, independently driven
with the tlow passage switching unit of the eighth embodi-
ment shown i FIG. 26 1s attached to the flow passage
switching umt 101 1n FIG. 39.

In the tlow passage switching unit 101 1 FIG. 39, the
direction of the fluid flowing through the first common fluid
piping 41 and the first common flud piping 42 1s opposite
to that in the flow passage switching unit 1n the eighth
embodiment shown 1n FIG. 26, FIG. 30 and the like. That 1s,
the first common fluid piping 41 and the first common fluid
piping 42 are both used as a discharge port.

Then 1n the flow passage switching umt 101 in FIG. 39,
the independent control valve 30 1s attached to, e.g., the end
of the first common fluid piping 41 (port €2) in FIG. 30. Note
that the flow passage switching unit in FIG. 42 and FI1G. 43
(twelfth and thirteenth embodiments) to be described later,
in which this independent control valve 1s integrated as a
flow passage switching unit, may be used as the flow
passage switching unit 101 1n FIG. 39.

Further, in FIG. 39, the cooling water flows from a
radiator system pump 103 1nto a port el of the flow passage
switching unit 100. Further, the cooling water from a bypass
channel 1115 from an internal circulation system pump 104
flows 1nto a port 11 of the flow passage switching unit 100.
The cooling water 1s supplied from port ¢2 and 32 of the
independent control valve 30 to a radiator 105 and a radiator
bypass channel 106. The ports a to { shown 1n FIG. 30 and
the like are mscribed 1n FIG. 39 as al to 11 (a2 to 12).

An mverter 107 for an electric motorcar or a hybrid car as
a vehicle 1s connected between discharge ports ¢ (between
cl and c2). A chiller (water heating evaporator) 108 to
perform heat exchange between the refrigerant of the vehicle
air conditioner and cooling water 1s connected between the
discharge ports b. A water-cooled condenser 109 to perform
heat exchange between the refrigerant of the vehicle air
conditioner and the cooling water, and a heater core 110 are
connected between the discharge ports a. A water-cooled
battery 111 for an electric motorcar or a hybrid car as a
vehicle 1s connected between the discharge ports d. For
cooling or heating an air-cooled battery, not only the water-
cooled battery, but a battery temperature control heat
exchanger to perform heat exchange between fluid and air
may be provided 1n an air guiding passage to the battery.

A compressor 112 forming a refrigerating cycle of the
vehicle air conditioner compresses the refrigerant and sends
it to the water-cooled condenser 109. The refrigerant passed
and condensed through the water-cooled condenser 109
flows via an expansion valve 113 to the chiller 108 which
can be regarded as a water heating evaporator. The heater
core 110 1s provided in an air conditioning duct through
which an air conditioning wind 110/ flows and warms the air
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conditioning wind toward a vehicle interior. The chiller 108
1s provided in the air conditioning duct through which the air

conditioning wind flows and cools the air conditioning wind
toward the vehicle interior.

As described above, 1n FIG. 39, the discharge ports a are
connected the channel of the water-cooled condenser 109
having the heater core 110 1n the middle. The discharge ports
b are connected to the channel of the chiller 108. The
discharge ports ¢ are connected to the inverter 107 (it may
be an electrical unit such as a motor, a water-cooled 1nter-
cooler or a cold heat storage device). The discharge ports d
are connected to the water-cooled battery 111 (it may be a
cold heat storage device or a ventilation heat recovery unit).

Although not 1llustrated, the refrigerating cycle may be a
system having two low-pressure side heat exchangers with
branched piping through which the refrigerant discharged
from the water-cooled condenser 109 flows into the chiller
and the evaporator.

Tenth Embodiment

Next, a tenth embodiment will be described. The charac-
teristic features different from those 1n the above-described
embodiments will be described. FIG. 40 shows another
in-vehicle temperature controller using the flow passage
switching unit showing the tenth embodiment, different
from FIG. 39. In FIG. 40, two flow passage switching units
100a and 101a are provided, and plural in-vehicle devices
are connected via piping between these flow passage switch-
ing units 100q and 101a. An independent control valve 30qa
independently driven with the flow passage switching unit in
the eighth embodiment shown 1n FIG. 30 or the like 1s
attached to the flow passage switching units 100aq and 101qa
in FIG. 40.

In the tlow passage switching umt 101a, the direction of
the fluid which flows through the first common fluid piping
41 and first common flud piping 42 1n the tflow passage
switching unit 1 the eighth embodiment shown i FIG. 30
or the like 1s opposite. That 1s, the first common fluid piping
41 and the first common fluid piping 42 are both used as a
discharge port.

Then, 1in the flow passage switching unit 100a, the inde-
pendent control valve 30a 1s attached to the left end of e.g.
the first common fluid piping 41 1n FIG. 30. Note that the
flow passage switching unit to be described later in FIG. 42
and FIG. 43 (twelfth and thirteenth embodiments), where
this independent control valve 1s also integrated as a flow
passage switching unit, may be used as the flow passage
switching umt 100a i FIG. 40.

Further, 1n FIG. 40, when a chiller system pump (low-
temperature system pump) 121 supplies water to a channel
for circulation through the chiller 108, the tlow passage
switching unit 100a, the independent control valve 30a, a
cooler core 115 and the flow passage switching unit 101a.

A water-cooled condenser system pump (high-tempera-
ture system pump) 122 supplies water to a channel for
circulation through the water-cooled condenser 109, the
heater core 110, the flow passage switching unit 100a, the
water-cooled battery 111 and the like, and the flow passage
switching umt 101a.

The discharge ports a to 1 shown 1n FIG. 30 and the like
are denoted by al to 11 (a2 to 12) 1n FIG. 40. The radiator
105 to radiate heat of an unshown engine 1s connected
between the discharge ports a (between al and a2). The
radiator bypass channel 106 i1s connected between the dis-
charge ports b. The mverter 107 for an electric motorcar or
a hybrid car as a vehicle 1s connected between discharge
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ports ¢. The water-cooled battery 111 for an electric motor-
car or a hybrid car as a vehicle 1s connected between the
discharge ports d.

The compressor 112 forming the refrigerating cycle com-
presses the refrigerant and sends i1t to the water-cooled
condenser 109. The refrigerant passed and condensed
through the water-cooled condenser 109 flows wvia the
expansion valve 113 to the chiller 108 which can be regarded
as a water heating evaporator. The heater core 110 1s
provided 1n the air conditioning duct through which the air
conditioning wind 1107 flows and warms the air conditioning
wind 110/ toward the vehicle interior. The chiller 108 cools
the water tlowing inside by evaporation of the refrigerant,
then the cooled water flows, and further, cools the cooler
core 115 provided in the air conditioning duct and cools the
air conditioning wind 1157,

As described above, in FIG. 40, the discharge ports a are
connected to the channel of the radiator 105. The discharge
ports b are connected to the radiator bypass channel 106. The
discharge ports ¢ are connected to the mverter 107 (it may
be an electrical unit such as a motor). The discharge ports d
are connected to the water-cooled battery 111 (it may be a
cold heat storage device or a ventilation heat recovery unait).
Further, the cooler core 115 of the vehicle air conditioner 1s
connected to the downstream side (downstream side of the
port al) of the independent control valve 30a. The down-
stream side of the cooler core 1135 1s connected 1n the middle
of the suction side piping of the chiller system pump
(low-temperature system pump) 121.

Eleventh Embodiment

Next, an eleventh embodiment will be described. The
characteristic features different from those 1n the above-
described embodiments will be described. FIG. 41 shows the
temperature controller 1n another in-vehicle device using a
pair of flow passage switching units having the ports a to d
showing the eleventh embodiment. In FIG. 41, the fluid 1n
a system 2 discharged from the discharge port ¢, in the case
of fluid flow pattern in FIG. 41, communicates with the
system 1 side.

Assuming that the fluid has flowed to the discharge port
¢, as the capacity of the cooling system of the system 1 1s
approximately fixed, a channel to return the fluid from the
system 1 to the system 2 1s required (when the fluid
continuously flows, the pressure of the system 1 1s continu-
ously increased). However, since there 1s no feedback chan-
nel, as a result, the fluid does not flow through the discharge
port ¢ indicated with a broken line, thus the flow passage 1s
blocked.

That 1s, 1n the pair of oppositely-provided flow passage
switching units, 1t 1s possible to block a particular flow
channel by setting different operation patterns such as the
pattern 1 and the pattern 2. Further, in one flow passage
switching unit, as described in FIG. 31, merely eight patterns
ol operation patterns are generated as flow passage patterns,
however, 1t 1s possible to generate eight or more patterns of
flow passages including a pattern to block a particular
channel by combining the two flow passage switching units.

Twelfth Embodiment

Next, a twelfth embodiment will be described. The char-
acteristic features different from those in the above-de-

scribed embodiments will be described. In the above-de-
scribed eighth embodiment, as shown in FIG. 26, the
peripheral wall 13 of the rotary valve 1 1s provided with the
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first fluid ports 4.1 and 4R1. The first fluid ports 4.1 and
4R1 are respectively connected to the first common fluid
piping 41 and the second common fluid piping 42.

Further, the peripheral wall 13 of the rotary valve 1 1s
provided with the second fluid ports 5.1 and SR1. Similarly,
the peripheral wall 13 of the rotary valve 2 1s provided with
the first fluid ports 41.2 and 4R2. The first fluid ports 41.2 and
4R2 are respectively connected to the first common fluid
piping 41 and the second common fluid piping 42. Further,
the peripheral wall 13 of the rotary valve 2 1s provided with
the second fluid ports 512 and S5R2. Then 1t 1s possible to
realize the eight operation patterns shown 1n FIG. 31.

In the twelfth embodiment described below, an indepen-
dent multidirectional valve (not limited to a four-way valve),
in which 1ts iternal valving element 1s rotate-controlled
independently of the rotary valves 1 and 2, 1s added to the
first common fluid piping 41 or the second common fluid
piping 42 in the above-described eighth embodiment.
Although 1ndependent control 1s performed, however, the
driving mechanism may be commonly used, or independent
control may be performed by using a motive-power distri-
bution mechanism from the signal driving source.

FIG. 42 shows the flow passage switching unit as the
twellth embodiment. It 1s possible to use the tlow passage
switching unit in FIG. 42 as e.g. the tlow passage switching
umt 101 1 FIG. 39 (the ports a to d, e, & and p 1n FIG. 42
correspond to the ports a2 to d2, €2, ¢.2, and (2 in FIG. 39).

In FIG. 42, the port a receives a water flow from the
water-cooled condenser 109 via the heater core 110. The port
b receives a water flow from the chiller 108. The port ¢
receives a water flow from the mnverter 107. The port d
receives a water flow from the water-cooled battery 111.

Further, the fluid flows through the one piping 41 of the
common tluid pipings 41 and 42 of the rotary valves 1 and
2, as the port 1, via a bypass channel of the water-cooled
battery 111 (FIG. 39), to an internal circulation system pump
104. Further, the other piping 42 (42a and 42b6) of the
common tluid pipings 41 and 42 of the rotary valves 1 and
2 1s connected to the independent four-way control valve 30,
and a water flow 1s discharged from the ports a and 3 from
the independent four-way control valve 30 to the radiator
105 and the radiator bypass channel 106.

The rotary valves 1 and 2 1n FIG. 42 have a mechanism
to 1nterlock-rotate at the rotation angle ratio of 4:5 as in the
case of the eighth embodiment, and the valving elements
80a and 805b are driven with the single driving source. The
independent four-way control valve 30 has the same valve
structure as that of the rotary valve 1. It 1s driven indepen-
dently of the rotary valves 1 and 2 with another driving
source (motor) different from the drniving source for the
rotary valves 1 and 2.

In the twelfth embodiment, apposed plural rotary valves
1 and 2 are provided. The respective rotary valves 1 and 2
have the casing 6, the side walls which are formed 1nside the
casing 6 and which are opposed (the side walls are posi-
tioned on the front side and back side of the sheet of FIG.
42 and they are not shown), and the peripheral wall 13
formed between these side walls.

The respective rotary valves 1 and (2) have at least one of
the first fluid ports 41.1 and 4R1 (41.2 and 4R2) (generally
referred to as 4L and 4R) provided 1n the peripheral wall 13.
Further, the second fluid ports 5.1 and 53R1 (51.2 and SR2)
(generally referred to as 5L and 5R) are provided in the
peripheral wall 13. In addition, the valving element 80a
(80bH) (generally referred to as 8) rotatably supported with
the rotary shait extending in a direction connecting the
opposed side walls 1n the casing 6 1s provided. Then, by the
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rotation of the valving element 8, a fluid passage where the
first fluid ports (4L and 4R) and the second fluid ports (5L
and 5R) selectively communicate with each other 1s formed.

Further, as 1n the case of the first embodiment, the driving,
mechanism to drive the respective valving elements 8 by
respectively predetermined rotation angles 1s provided. The
driving mechanism 1 has the single driving source and the
motive power transmission member to transmit the rotation
motive power of the single driving source motive power to
the respective rotary valves 1 and 2. Then, the motive power
of the motor as a dniving source i1s transmitted to the
respective rotary shafts of the plural rotary valves 1 and 2 to
drive the respective valving elements 8 such that their
positions with respect to the first fluid ports 4L and 4R and
the second flumid ports 5L and 53R become mutually different.

Next, the respective first fluid ports 4L and 4R of the
plural rotary valves 1 and 2 are connected to the common
fluid pipings 41 and 42. In FIG. 42, the common fluid piping
42 1s branched to 42a and 425, and the independent control
valve 30 1s added between the common fluid pipings 42a and
42b. Note that the independent control valve 30 1s driven
with another motor different from the motor to drive the
respective rotary valves 1 and 2.

The plural rotary valves 1 and 2 are mechanically con-
nected to the common tluid pipings 41 and 42. The plural
valving elements 8 connected to the driving mechanism 21
repeat rotating by respectively predetermined rotation
angles and stopping. At least a pair of valving eclements 8
rotate by mutually different rotation angles and stop.

The first fluid ports 4L, and 4R have one side piping 4L
and other side piping 4R commumicating with the inside of
the casing 6 1n mutually different positions. The common
fluid pipings 41 and 42 have the first common fluid piping
41 and the second common fluid piping 42 (42a and 425H)
through which different fluids tlow.

The plural rotary valves 1 and 2 between the first common
fluid piping 41 and the second common fluid piping 42 (42a
and 42b) are connected via the first common fluid piping 41
and the second common fluid piping 42. Further, although
not shown in FIG. 42, as 1n the case of the first embodiment,
the motor as a driving source rotates the common shaft
extending in parallel with the apposition direction of the
rotary valves 1 and 2, and the respective rotary valves 1 and
2 are driven via the common shaft.

Further, as in the case of the first embodiment, 1in the
plural rotary valves 1 and 2, the respective rotary shaits are
arrayed 1n a right angled direction with respect to the
apposition direction of the plural rotary valves 1 and 2, and
provided 1n mutually parallel with each other. Then, the
unshown driving mechanism has a gear train rotated with a
driving source.

Further, in FIG. 42, the common fluid piping 42 1s
branched to 42a and 42b, and the independent control valve
30 1s added between the common fluid pipings 42a and 425.

That 1s, the common fluid piping 42 1s provided with the
independent control valve 30 having a rotary valve where
valve switching 1s performed independently of the plural
rotary valves 1 and 2. The independent control valve 30 1s
provided between the plural rotary valves 1 and 2. In the
independent control valve 30, two of four ports are con-
nected to the common fluid pipings 42a and 425b.

The eflects of the twelith embodiment will be described.
The respective first fluid ports 4L and 4R of the plural rotary
valves 1 and 2 are connected to the pair of common fluid
pipings 41 and 42. The one common fluid piping 42 1s
branched to two common fluid piping parts 42q and 4256. The
independent control valve 30 controlled independently of
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the plural rotary valves 1 and 2 1s provided between the
common fluid piping parts 42a and 42b.

According to this arrangement, 1t 1s possible to distribute
the fluid from a position between the common fluid piping
parts 42a and 42b to arbitrary piping regardless of control
status of the plural rotary valves 1 and 2. Further, the
independent control valve 30 1tself 1s integrated with at least
the one common fluid piping 42. In addition, as the plural
rotary valves 1 and 2 are mechanically connected to the
common fluid pipings 41 and 42, 1t 1s possible to enhance the
connection strength of the plural rotary valves with the
common fluid piping and the independent control valve 30.

Further, the independent control valve 30 has a rotary
valve where vale switching 1s performed imndependently of
the plural rotary valves 1 and 2. The independent control
valve 30 1s provided between the plural rotary valves 1 and
2. In the independent control valve 30, at least two of plural
ports are connected to the common fluid pipings 42a and
425b.

According to this arrangement, as the independent control
valve 30 1s provided between the plural rotary valves 1 and
2, piping connection 1s facilitated 1n a piping system where
the piping connected to the independent control valve 30 1s
positioned at a central part of the flow passage switching
unit.

Thirteenth Embodiment

Next, a thirteenth embodiment will be described. The
characteristic features different from those in the above-
described embodiments will be described. FIG. 43 1s a
partial cross-sectional diagram of the flow passage switching
unit showing the thirteenth embodiment. The flow passage
switching unit in FIG. 43 can be used as e.g. the flow
passage switching unit 101 1n FIG. 39. In FIG. 43, the port
a receives a water flow from the water-cooled condenser 109
via the heater core 110. The port b receives a water flow
from the chiller 108. The port ¢ receives a water tlow from
the inverter 107. The port d receives a water tlow from the
water-cooled battery 111.

Further, the fluid flows through the one piping 41 of the
common tluid pipings of the rotary valves 1 and 2, as a port
(12), via the bypass channel 1115 of a water-cooled battery,
to the internal circulation system pump 104. Further, the
other one piping 42 (42a and 42b) of the common fluid
pipings ol the rotary valves 1 and 2, 1s connected to the
independent four-way control valve 30, and the water tlow
1s discharged from the ports ¢ and p (a2 and [2) from the
independent four-way control valve 30.

As 1n the case of the first embodiment, the rotary valves
1 and 2 have a valve structure to interlock-rotate at the
rotation angle ratio of 4:5, and the valving elements 80a and
806 are driven with the single driving source. The indepen-
dent four-way control valve 30 1s driven independently of
the rotary valves 1 and 2 with another driving source (motor)
different from the driving source for the rotary valves 1 and

2.

In the thirteenth embodiment, the apposed plural rotary
valves 1 and 2 are provided. Then the respective rotary
valves 1 and 2 have the casing 6, the side walls which are
formed 1nside the casing 6 and which are opposed (the side
walls are positioned on the front side and back side of the
sheet of FIG. 43 and they are not seen), and the peripheral
wall 13 formed between these side walls.

The respective rotary valves 1 and (2) have at least one
first fluid ports 4.1 and 4R1 (4.2 and 4R2) (generally

referred to as 4L and 4R) provided 1n the peripheral wall 13,
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and the second fluid ports 5.1 and 5R1 (5L2 and SR2)
provided in the peripheral wall 13. In addition, the valving
clement 80a (805) (generally referred to as 8) rotatably
supported with the rotary shait extending in a direction
connecting the opposed side walls 1nside the casing 6 1s
provided. Then by the rotation of the valving element 8, a
flow passage where the first fluid ports (4L and 4R) and the
second fluid ports (5L and 5R) selectively connected with
cach other 1s formed.

Further, as 1n the case of the first embodiment, the driving
mechanism to drive the respective valving elements 8 by
respectively predetermined rotation angles 1s provided. The
driving mechanism has the single driving source and the
motive power transmission member to transmit the rotation
motive power of the single driving source to the respective
rotary valves 1 and 2. Then, the motive power of the motor
as a driving source 1s transmitted to the respective rotary
shafts of the plural rotary valves 1 and 2, to perform driving
until the positions of the respective valving elements 8 with
respect to the first fluid ports 41 and 4R and the second fluid
ports SL. and 5R become mutually different.

Next, the respective first fluid ports 4L, and 4R of the
plural rotary valves 1 and 2 are connected to the common
fluid piping 41 and the common fluid piping 42 (42a and
42b). In FI1G. 43, the common fluid piping 42 1s branched to
42a and 42b, and the independent control valve 30 1s added
between the common fluid pipings 42a and 4256. The inde-
pendent control valve 30 1s driven with another motor
different from the above-described motor to drive the rotary
valves 1 and 2.

The plural rotary valves 1 and 2 are mechanically con-
nected to the common fluid pipings 41 and 42. The plural
valving elements 8 connected to the unshown driving
mechanism repeat rotating by respectively predetermined
rotation angles and stopping. At least one pair of valving
clements 8 rotate by mutually different rotation angles and
stop.

The first fluid ports 4L and 4R have the one side piping
41, and the other side piping 4R communicating with the
inside of the casing 6 in mutually different positions. The
common fluid pipings 41 and 42 have the first common fluid
piping 41 and the second common fluid piping 42 through
which different fluids respectively flow. The plural rotary
valves 1 and 2 between the first common fluid piping 41 and
the second common fluid piping 42 are connected via the
first common fluid piping 41 and the second common fluid
piping 42. Further, although not shown 1n FIG. 43, as in the
case of the first embodiment, the motor as a driving source
rotates the common shait extending 1n parallel with the
apposition direction of the rotary valves 1 and 2, and the
respective rotary valves 1 and 2 are driven via the common
shaft.

Further, as in the case of the first embodiment, in the
plural rotary valves 1 and 2, the respective rotary shafts are
arrayed 1n the night angled direction with respect to the
apposition direction of the plural rotary valves 1 and 2, and
provided in parallel with each other. Then the unshown
driving mechanism has a gear train rotated with a driving
source.

Further, in FIG. 43, the common fluid piping 42 1s
branched into 42a and 426, and the independent control
valve 30 1s added between the common fluid pipings 42a and
42b.

That 1s, the independent control valve 30 having a rotary
valve where valve switching 1s performed 1n dependently of
the plural rotary valves 1 and 2 1s provided between the
common fluid piping 42a and 42b6. The independent control
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valve 30 1s provided at the end of the plural rotary valves 1
and 2. In the independent control valve 30, two of the four
ports are connected to the common fluid pipings 42a and
42b. Further, by providing the independent control valve 30
and at least one of the rotary valves 1 and 2 with the same
valve structure, manufacturing 1s facilitated.

The eflects of the thirteenth embodiment will be
described. The respective first fluid ports 4L and 4R of the
plural rotary valves 1 and 2 are connected to the pair of
common fluid pipings 41 and 42. The one common fluid
piping 42 1s branched to the two common fluid piping parts
42a and 425b. The independent control valve 30 controlled
independently of the plural rotary valves 1 and 2 1s provided
between the common fluid piping parts 42a and 42b.

According to this arrangement, 1t 1s possible to distribute
the fluid from a position between the common fluid piping
parts 42a and 42b to arbitrary piping regardless of control
status of the plural rotary valves 1 and 2. Further, the
independent control valve 30 1itself 1s integrated with at least
one common tluid piping 42. In addition, as the plural rotary
valves 1 and 2 are mechanically connected to the common
fluid pipings 41 and 42, 1t 1s possible to enhance the
connection strength of the plural rotary valves with the
common tluid piping and the independent control valve 30.

Further, the independent control valve 30 has a rotary
valve where the vale switching 1s performed independently
of the plural rotary valves 1 and 2. Then the independent
control valve 30 1s provided at the end of the plural rotary
valves 1 and 2. In the independent control valve 30, at least
two of the plural ports are connected to the common fluid
pipings 42a and 42b.

According to this arrangement, as the independent control
valve 30 1s provided at the end, 1t 1s possible to provide the
plural rotary valves 1 and 2 1n positions close to each other.
Accordingly, 1t 1s possible to form the driving mechanism
having the single driving source and the motive power
transmission member to transmit the rotation motive power
of the single driving source to the respective rotary valves 1
and 2 as a compact mechanism. Further, it 1s possible to
facilitate piping connection when the piping connected to
the independent control valve 30 1s positioned at the end of
the flow passage switching unit.

Next, 1n the eighth embodiment, the twelith embodiment
and the thirteenth embodiment, the plural rotary valves 1 and
2 are provided. In at least one rotary vale of the rotary valves
1 and 2 ({or example, 1, the same 1n hereinbelow), the plural
first fluid ports (4.1 and 4R1) and the plural second fluid
ports (SL1 and 5R1) are provided. Then, a valve operation
pattern 1n which any first fluid port (4L.1 or 4R1) commu-
nicates with at least two second fluid ports (511 and 3R1) 1s
provided.

According to this arrangement, as a valve operation
pattern such that any first fluid port (4.1 or 4R1) commu-
nicates with at least two second fluid ports (51 and SR1) 1s
provided, it 1s possible to distribute the fluid 1n the same
system to plural devices connected to the respective ports.

Further, 1n the eighth embodiment, the twelith embodi-
ment and the thirteenth embodiment, as shown 1n FIG. 39
and FI1G. 40, respectively different types of fluids (fluids 1n
different temperature bands or the like) flow through the
plural first fluid ports (4.1 and 4R1). Then there are plural
positions of the valving elements (80a and 805) 1n which the
communication status between the plural first fluid ports
(4.1 and 4R1) 1s blocked with the partition walls (8ak, 8bk)
provided 1n the valving elements (80a and 80b).

According to this arrangement, the fluids at respectively
different temperatures flow through the plural first fluid ports
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(41 and 4R1). Then there are plural positions of the valving
clements (80aq and 805) 1n which the communication status
between the plural first fluid ports (4.1 and 4R1) 1s blocked
with the partition walls (8ak, 8bk) provided in the valving
clements (80a and 805). Accordingly, 1t 1s possible to form
a hydraulic circuit having a fluid switching device 1n which
fluids at different temperatures do not mix.

Further, the driving mechanism (21) drives the valving
clements (8) to the positions of the valving elements (80a
and 800) in which the communication status between the
plural first fluid ports (4.1 and 4R1) 1s blocked with the
partition walls (8ak and 8bk) provided 1n the valving ele-
ments (80a and 80H) and stops them. According to this
arrangement, 1t 1s possible to continuously pass the fluid
through a desired device in the hydraulic circuit having a
fluid switching device where fluids at different temperatures
do not mix.

Next, the rotation angle of the valving element (8) after
the driving mechamism (21) drives the valving element (8)
until the driving mechanism (21) stops the valving element
(8) differs 1n the respective plural rotary valves 1 and 2.
According to this arrangement, it 1s possible to set plural
stop positions with the single driving mechanism (21) and 1t
1s possible to perform switching among the plural flow
passages.

Further, the rotation angle of the valving element (8) after
the driving mechanism (21) drives the valving element (8)
until the driving mechanism (21) stops the valving element
(8) differs in the respective plural rotary valves 1 and 2.
Then, when 1t 1s assumed that the ratio between the different
rotation angles 15 R1 to R2 (R1/R2), there 1s no other
common divisor but 1 between R1 and R2. For example, the
rotation angle ratio R1 to R2 may be 4 to 7, 2 to 3, 5 to 6,
710 6, 8t0 9 and 9 to 10 1n addition to 4 to 3. According to
this arrangement, it 1s possible to set plural stop positions
with the single driving mechanism (21), and 1t 1s possible to
perform switching among the plural tflow passages. Note that
note that slight shift such as 4.1 to 4.9 1s allowable.

Further, the rotary valves 1 and 2 have a four-way valve.
At least one rotary valve of the rotary valves 1 and 2 (for

example, 1, the same heremnbelow) has plural first fluid ports
(411 and 4R1) and plural second fluid ports (5.1 and 5R1).

Any one port of the plural first fluid ports (4.1 and 4R1) 1s
blocked with the partition wall of the valving element 8.
Further, the rotary valves 1 and 2 have operation patterns of
the valve for communication between the unblocked remain-
ing first fluid ports (4.1 and 4R1) and the second fluid ports
(5L1 and 5R1).

In addition, as shown 1n FIG. 39 or FIG. 40, the fluid flow
passage switching unit 1n the present disclosure 1s provided
upstream and downstream positions from plural devices
connected 1n parallel, with the devices therebetween, 1n patr,
to control fluid flowing through the respective devices.

Modifications of the above-described plural embodiments
will be described. The present disclosure 1s not limited to the
above-described first embodiment to thirteenth embodiment,
but 1t may be modified or expanded as follows. In the
above-described embodiments, the embodiment where the
first rotary valve, the second rotary valve . . . the N-th rotary
valve are apposed and the rotation angle ratio among the
internal respective valving elements 1s setto 1:2: . . . 2 to the
(N-1)th power, however, the present disclosure 1s not lim-
ited to this arrangement. It may be arranged such that the
rotation angle ratio 1s slightly changed with respect to the
rotation angle ratio 1:2: . . . 2 to the (N-1)th power.

In brief, although the number of patterns 1s limited, 1t may
be arranged such that as the “rotation angle ratio of the
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respective valving elements of the first rotary valve, the
second rotary valve . . . the N-th rotary valve” to realize
plural flow passage patterns, first rotary valve<second rotary
valve< . . . the N-th rotary valve holds.

Note that in this case, among the valving elements 1n the
plural rotary valves, a part of them may have a connection
structure to be rotated at exactly the same rotation angle.
Accordingly, an embodiment having plural rotary valves
which merely satisfies a requirement that 1n the combination
of at least one pair of rotary valves, the rotation angles of the
valving elements 1n the respective rotary valves are mutually
different, 1s also included in the present disclosure.

In the first embodiment to the thirteenth embodiment,
when a simple structure where the motor forming the single
driving source rotates only in one direction 1s adopted,
means for detecting the operation pattern for the rotary valve
1s mounted 1n the first rotary valve. In this case, when the
first rotary valve rotates by a detectable range of the rotation
angle detection device, a rotation angle ratio to return all the
rotary valves including the first rotary valve to the initial
status 1s required. This rotation angle ratio 1s a gear ratio
between the driving side gear train driven with the common
shaft and the driven side gear to drive the valving element.

In a case where the relation of the rotation angle ratio or
the gear ratio 1s failed, when the rotation angle detection
device rotates by the detectable range or wider range, 1ts
valve pattern cannot be recogmized. Accordingly, as the
relation of the rotation angle ratio, it 1s required that the
rotation angle ratio of one or more pairs of valving elements
1s “1:1” or “1:N”” (N 1s an arbitrary natural number) (“N:1”
or the like has the same meaning). Note that when the motor
1s 1rreversible, arbitrary relation ol gear ratio 1s possible
within the detectable range of the rotation angle detection
device.

In the respective above-described first embodiment to
thirteenth embodiment, the respective rotary valves are
driven at umiform nitial angle of the valving element,
however, the iitial positions may be intentionally shifted.
For example, imitial positional difference (shift) of 180
degrees may be set between a pair of rotary valves. Further,
the sizes of the respective rotary valves may be slightly
changed, otherwise, the valving elements may have mutu-
ally different shapes.

Next, as shown 1n (a) 1n FIG. 44, 1n a flow passage
switching unit where two system mnputs (fluid inflow ports)
exist and plural system outputs (fluid discharge ports) exist,
the tlow passages can be arbitranily distributed as shown in
(b) in FIG. 44. Then when N outputs exist, 1t 1s possible to
obtain a flow passage switching unit capable of flow passage
switching 1n 2 to Nth power patterns.

Further, as shown 1n (¢) in FIG. 44, it may be arranged
such that the inflow port 1s changed to the discharge port,
and the discharge port 1s changed to the inflow port to
reverse the flow of fluid. In this case, a tlow passage
switching unit where plural system 1nputs exist on the input
side and two system outputs exist on the output side 1s
obtained.

As described above, conventionally, a large number of
driving sources have been required, however, by employing
the above-described respective embodiments, it 1s possible
to obtain the unit with a single driving source. It 1s possible
to realize cost reduction by reduction of the number of parts,
and improvement in loadability in a vehicle by downsizing
of physical constitution. Further, 1t 1s possible to realize
arbitrary tlow regulation in some rotary valve or a fluid shut
function of some rotary valve by appropriately setting the
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numerical values of the above-described a, yo, {3, 1n addition the rotary shaft of each of the plurality of rotary valve
to the flow passage switching. parts 1s arranged 1n a direction perpendicular to a
While the present disclosure has been described with direction in which the plurality of rotary valve parts are
reference to embodiments thereof, it 1s to be understood that arranged side by side, and 1s arranged parallel to one
the disclosure 1s not limited to the embodiments and con- 5 another among the plurality ot rotary valve parts; and
structions. The present disclosure is intended to cover vari- the driving mechanism includes a gear train that 1s rotated
ous modification and equivalent arrangements. In addition, by the single driving source.
while the various combinations and configurations, other 2. T_he flow passage switching unit according to claim 1,
combinations and configurations, including more, less or wherein:
only a single element, are also within the spirit and scope of 10  the valving element, which 1s connected to the driving
the present disclosure. mechanism, 1s repeatedly rotated by 1ts corresponding
What is claimed is: predetermined rotation angle and stopped; and

the valving element of each of at least a pair of the
plurality of rotary valve parts 1s rotated by a diflerent
rotation angle from one another among the at least a
pair of the plurality of rotary valve parts, and 1s

stopped.
3. The flow passage switching unit according to claim 1,

1. A flow passage switching unit comprising:

a plurality of rotary valve parts which are arranged side by
side and each of which includes: 13
a casing that defines therein a space;
side walls that are opposed to each other;

a peripheral wall that 1s formed between the side walls;

{ least one first fluid port that ; ided for the  Wherein:
a PZ?iSphZ?aei Wasll' o o pIOEER R TR »q  the valving element of each of the plurality of rotary valve

at least one second fluid port that is provided for the parts 1s rotated by a diff‘erent. rotation angle from one
peripheral wall or a part of the side walls; another among all the plurality of rotary valve parts,

a rotary shaft that extends 1n a direction connecting the and 15 SftOI;lped; anq o of th . |
opposed side walls in the casing; and a ratio ol the rotation angle ol the valving clement

a valving element that i1s supported rotatably by the 23 between t}f plurality Of_ rotary Vglve parts is 1 to 2 to
rotary shait, wherein a flow passage, through which the (N-1)™ power, N being an arbitrary natural number

the at least one first fluid port and the at least one A %fe%t 0 (zero). i . g laim 1
second fluid port selectively communicate with each . Lhe Tlow passage switching unit according to claim 1,

other, 1s formed by rotation of the valving element; wherein: _ o |
and 30  the motive power transmission member includes a com-

mon shait extending parallel to a direction 1n which the
plurality of rotary valve parts are arranged side by side;
the single driving source rotates the common shatt; and
the plurality of rotary valve parts are driven via the
common shatft.

5. The tlow passage switching unit according to claim 4,
wherein:

the plurality of rotary valve parts include a first rotary

valve part, a second rotary valve part and a third rotary
valve part;
the driving mechanism 1ncludes a first rotation body that
drives the first rotary valve part, a second rotation body
that drives the second rotary valve part, and a third
rotation body that drives the third rotary valve part;

the second rotation body and the third rotation body are
driven by the common shatt, which 1s a shaft of the first
rotation body; and

the valving element of each of the first rotary valve part,

the second rotary valve part and the third rotary valve
part 1s connected to a corresponding one of the first
rotation body, the second rotation body, and the third
rotation body.

6. The flow passage switching unit according to claim 1,
wherein the valving element has a circular arc shape.

7. The flow passage switching unit according to claim 5,
wherein the single driving source 1s disposed between any
adjacent two rotation bodies of at least the first rotation
body, the second rotation body, and the third rotation body.

a driving mechanism that drives the valving element by its
corresponding predetermined rotation angle and that
includes:

a single driving source; and

a motive power transmission member that transmits 33
rotation motive power of the single driving source
respectively to the plurality of rotary valve parts,
wherein the motive power transmission member
transmits the motive power of the single driving
source to the rotary shaft to drive the valving element 49
to a position, the position of the valving element
relative to the at least one first fluid port and the at
least one second fluid port being different from one
another among the plurality of rotary valve parts, the
flow passage switching unit further comprising com-
mon fluid pipes that are connected respectively to the
at least one first fluid port, wherein the plurality of
rotary valve parts are mechanically connected to the
common fluid, wherein:

the at least one first fluid port includes one side pipe and >
an other side pipe which communicate with 1nside of
the casing at diflerent positions from each other;

the common fluid pipes include a first common fluid pipe
and a second common fluid pipe through which fluids
with different properties flow respectively; 23

the plurality of rotary valve parts located between the first
common tluid pipe and the second common fluid pipe
are connected together via the first common fluid pipe
and the second common fluid pipe; S I
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